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THE JOB 


Metrovick equipment is well on top 
in this 10-ton Wharton overhead shop 
crane. The hoist is an 18-h.p. 720 
r.p.m. M-V motor fitted with a thrustor- 
operated brake giving precise control 
with stable creeping speed on load The 
need for inching is thus eliminated. 
Drives for the long travel and cross- 
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traverse are M-V 1o-h.p. 715 r.p.m. 
and 3-h.p. 700 r.p.m. type MZ slipring 
motors respectively. A 6-inch Perigrip 
brake operates on the cross traverse. 
Write for details of the range of M-V 
a.c. and d.c. motors, control gear and 
Perigrip electromagnetic brakes for crane 
drives. 


In the illustration (left) A is the 
18-h.p. 720 r.p.m. hoist motor 
fitted with Stacreep thrustor con- 
trol B. The long-travel drive, 
moter E, is shown at the top of 
page. The 3 h.p. cross traverse 
C and the 
6-inch Perigrip brake at D. 


motor is seen at 
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pressure delivery type Mono-Radial Pump. Because of 
emerolant orate tare moeiiectell iia ms ce) mcelmeelle: tiara 
hydraulic equipment, this type of Mono-Radial Pump 
was chosen by Messrs..R. Hoe & Crabtree Limited 
for their 750 Ton Hydraulic Matrix Moulding 


Press (also shown) 
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Every hydraulic pumping need is met by Fraser 
Pumps. The range includes single pressure, combined 
high and low pressures and infinitely variable 
delivery Pumps. Designed for use with all types of 
machinery, Fraser Pumps give efficient, long and 
reliable service under the most arduous 


foyer mtatar-ameresarecierelany 


ANDREW FRASER & CO LTD 29 BUCKINGHAM GATE LONDON SWI TEL VICTORIA 6736-9 








CONTENTS 


trical Variable-Speed Drives (A Survey) .. oe 531 






ENGINEERS 


e Blue Pages - ay Ss es as a 527 DIGEST 


REVIEW OF WORLD ENGINEERING PROGRESS 











VOL. XVIII NO. 12 DECEMBER, 1957 
. d Fracture 569 
in hl la EDITORIAL AND ADVERTISING 
: a ‘tic Steel by Ni 571 OFFICES : 
ss Corrosion in Austenitic Steel by Nitrates ae ciniatiiaiiieiiia 
: F 120 Wigmore Street, London, W.1 

rmoplastic Materials for Pipes es ee we 574 Telephone : WELbeck 9357 & 6263 
U.S.A. 

face Rolling as a Method of Increasing the Fatigue 366 Madison Avenue, New York 17, N.Y. 

irength of Gears - es 8 i 577 See a ae 
FRANCE 

e Multi-Fuel Diesel Engines 579 102 Rue Amelot, Paris (XI®) 


sessment of the Durability of Crankshafts in Accept- 
nce Tests .. ‘4 + $s - es es 


tish Industrial Developments 
w Materials, Processes, and Equipment 


bws of the Month .. 


Telephone : VOL. 29-19 


ITALY 
Via Gran Sasso N.28, Milan 


580 Telephone : 208.741 


Annual Subscription Rates : 


583 | £2 2s. Od. in the Sterling area, $7.50 in 
588 


the Dollar area 


Printed in Gt. Britain by THe ALCuIN Press, 
Welwyn Garden City, Hertfordshire, and 


591 published monthly by the proprietors, ENGINEERS’ 


Dicest Ltp., 120 Wigmore Street, London, W.1. 











PITMAN 


ENGINEERING ECONOMICS 
BOOK Il 


Factory Organization and Management. 


By T. H. Burnham, B.Sc.Hons.(Lond.), etc., and D. 
H. Bramley, M.I.Mech.E., etc. 7th Edition. Acom- 
prehensive study of the subject covering the re- 
quirements of the new syllabuses on Factory 
Management and Organization as developed in the 
Ministry of Education White Paper on Education 
and Training for Management. 25s. net. 


PRACTICAL MATHEMATICS 
Vol. 2 


By Louis Toft, M.Sc., etc., and A. D. D. McKay, 
M.A. 3rd Edition. This standard work has now 
been reduced from 36s. net to 30s. net. 


APPLIED ANALYSIS 


By Cornelius Lanczos, Senior Professor, School of 
Theoretical Physics, Dublin Institute for Advanced 
Studies. A philosophical and strictly theoretical 
approach to mathematical methods used in the 
numerical solution of physical and engineering 
problems. It develops an appreciation of, and an 
ability to use, a few fundamental but powerful 
mathematical principles. 55s. net. 
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SOLUTION OF PROBLEMS IN 


STRENGTH OF MATERIALS 

By S. A. Urry, B.Sc.(Eng.). 2nd Edition. This up- 
to-date second edition is a practical textbook of 
Strength of Materials, intended for those students 
who prefer the study of specific problems to the 
more general approach of the orthodox textbook. 


20s. net. 
NUCLEAR STRIPPING 
REACTIONS 
By S. T. Butler, Ph.D., etc., and O. H. Hittmair, 
Ph.D. A new book devoted completely to the 
detailed consideration of direct nuclear reactions 
and the varied way in which they may be used to 
gain information concerning nuclei. For the ex- 
perimental physicist, research student and theoret- 
ical physicist. 65s. net. 


LEADERSHIP IN THE 
TWENTIETH CENTURY 

By L. F. Urwick, O.B.E., M.C., M.A., ete. A new 
book based on five lectures delivered by the author 
under the auspices of the Polytechnic Management 
Association at the Polytechnic, Regent Street, 
London. Specially designed for practising mana- 
gers, business executives and eg ag 

Ss. net. 


Parker St., Kingsway, London, WC2 
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John Thompson’s construction men — familiar 
in their yellow helmets on power station 

and industrial sites throughout Britain — are now 
at work on the Central Electricity Authority’s 
first commercial nuclear power station 

being built by the A.E.I. — John Thompson 
Nuclear Energy Company at Berkeley, 
Gloucestershire. Crisply, the construction 
programme proceeds to a minutely planned 
schedule. The bottom dome portion of one of 


es we — inside the bowl of the reactor vessel. Six teams of John Thompson the huge 1,000 ton reactor vessels was 

welders work outwards from the centre, welding the 3in. thick steel plates which : : : . 

wnt been — and are temporarily held in position by clamps. Further transported in sections to the site where it 

welding teams began working on the next ring of plates shortly after this photo- : ; i 

graph was taken. In the background, an X-ray unit stands ready inside the bowl is being welded together to grow simultaneously 
for weld examination. _ with the reactor building. The “‘Buttercups” 

A welder works from the bottom centre of the reac tor vessel, welding together : i j is i i 

the 3in. thick ‘petal’ plates which form the lower bowl. Accurate edge preparation are speedily getting on with this job ” 

of the plates has been achieved by a specially developed flame planing technique which they are building the reactor vessels, the 

in John Thompson’s works. The temperature of the weld area is maintained a ale A 

between welding runs by means of flame torches, one of which is seen ready to thermal shielding, the sixteen large heat 


hand, in front of the welder. —_ o change towers, gas ducting and nuclear fuel 
loading machines. 
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THE BLUE PAGES 


@ VACUUM STREAM DEGASSING 
OF MOLTEN STEEL 
It has been announced that 
equipment for the vacuum-stream 
degassing of steel on a commercial 
scale has now been developed. 


A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 
THROUGHOUT 


THE WORLD 





This equipment degasses the steel 
during the pouring of the ingot by directing the 
stream of molten metal just tapped from the 
open-hearth or the electric melting furnace into a 
pre-evacuated vacuum chamber which houses 
the ingot mould, the vacuum employed being of 
the order of 150 microns. Obviously, the greater 
the exposure of surface area of the liquid metal 
to the vacuum, the greater is the degree of refine- 
ment achieved. In the new process the molten 
material is turned into a fine shower or spray of 
droplets as it passes from the ladle into the vacuum 
chamber. The steel is tapped from the furnace 
into a transfer ladle which carries it to the de- 
gassing chamber, where it is poured into an 
intermediate ladle which is kept full from the 
transfer ladle, the vacuum chamber itself having 
previously been pumped down to a high vacuum. 
An aluminium diaphragm seals the opening of 
the chamber from an antechamber located above 
the vacuum chamber. When the intermediate 
ladle is placed upon the antechamber, a by-pass 
valve to the vacuum pumping system is opened, 
so that the antechamber is also evacuated. To 
start the pour, the stopper rod in the inter- 
mediate ladle is opened and the liquid steel 
flows through the bottom nozzle, the stream 
§ puncturing the aluminium diaphragm and enter- 
ing the large vacuum chamber. The sudden 
pressure drop causes the molten metal to break 
up into a spray of finely divided molten particles 
which are caught in a conventional ingot mould 
resting on the bottom of the chamber. 


@ HEAT-RESISTANT CERAMIC COATINGS FOR 

ALUMINIUM 

New heat-resistant ceramic coatings for the 
protection ofaluminium have been developed, and 
it is reported that, when applied in a thickness of 
0:0015 in., they will protect aluminium and its 
alloys from temperatures up to 1800°F, i.e., from 
a temperature which would melt a hole in an 
unprotected sheet in as little as 30 sec. While 
their actual composition is not given, it is stated 
that these coatings contain (1) a low-melting 
glass, either of a commercial type or a high- 
lithia frit type for coatings to be applied to low- 
melting alloys, such as aluminium, (2) refractory 
additives, such as titania, zirconia, magnesia, or 
silica, and (3) a fluxing agent, lithium com- 
pounds being preferred for this purpose. It is 
DECEMBER, 1957 Volume 18, No. 12 
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claimed that these coatings have a high degree of 
adherence to the base metal and withstand im- 
pact shock, flame impingement, thermal shock. 
and endurance tests. The coatings may also be 
applied to steels which have previously been 
aluminized. A disadvantage is their limited 
corrosion resistance and surface hardness, and, 
where corrosion resistance is required, a special 
corrosion-resistani coating must be applied on 
top of the ceramic coating. 


@ CERAMIC CATALYST COATING FOR IMPROV. 
ING THE PERFORMANCE OF INTERNAL 
COMBUSTION ENGINES 

A catalytic ceramic coating for the piston- 
heads of internal combustion engines hes been 
developed and may significantly reduce carbon 
monoxide and unburned hydrocarbons in the 
exhaust. The coating is also reported to offer 
promise of thermal insulation, greater combus- 
tion efficiency, and more economical engine 
operation. This development is said to have its 
origin in earlier research concerned with flame 
ceramics which indicated that ceramic coatings 
might reduce thermal cracking and carbon in 
diesel engines. This has resulted in the develop- 
ment of a flame-sprayable ceramic coating con- 
taining rare-earth oxides which act as a catalyst 
in internal combustion engines. In a laboratory 

test, about 50% of the top area of the pistons of a 

standard automobile engine was coated, and the 

engine was then run under idling, cruising, full 
acceleration, and deceleration conditions with 
non-leaded petrol and with air bled in at the 
carburettor intake. Comparison of the exhaust 
analysis obtained in this test with that of an 
identical but “‘ uncoated” engine revealed that 
the coating led to a decrease in carbon monoxide 
and unburned hydrocarbon content, especially 
for conditions of acceleration and deceleration. 

The report states that, while the coating may 

significantly affect engine exhaust, research is 
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IW®V as THE ViLLAIN 
—HOT WATER PIPE HISSES 


“TI work in a block of flats. It is my job to carry hot water up to baths and radiators. But they might have 
called me Luke for all the warmth I used to deliver! I lost most of it on the way! First there was Fred, the 
boilerman, he used to warm his feet on me; then Mrs. Fred the housekeeper, used to drape her smalls over me. 
And so I cooled as I climbed. But now that’s all changed. I’m decently dressed and decently behaved. Rigid 
sections of Fibreglass hold me tight — from boiler to tap. 
Now it’s hot radiators and boiling baths for everyone, 
everywhere. All my own work—with Fibreglass of course!” 





‘Rigid Sections saved my honour’ —Ho7 wa7eEr PIPE REVEALS 
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now directed towards the development of a more 
active and stable coating material to be used for 
tests on diesel and petrol engines using leaded 
fuels. It is interesting to note that this develop- 
ment follows closely on the discovery by other 
research workers of a promising oxidation 
catalyst for similar purposes. In this case 
scandium pentoxide was found to eliminate 
effectively more than 80% of noxious hydro- 
carbons from the exhaust of a single-cylinder 
engine. Vanadium pentoxide was also investi- 
gated with success. As a practical application, 
the use of a container with vanadium pentoxide 
located near the engine can be visualized. 


@ SCARFING TORCH 


The design of a recently developed three- 
hose scarfing torch aims at the solution of prob- 
lems encountered in carrying out heavy-duty 
work where large rates of metal removal are 
desired. The new torch, which is claimed to 
have successfully passed operational tests in 
practice, permits independent control of pre- 
heating- and scarfing-oxygen flows. It thus re- 
moves the difficulties arising with conventional 
torches, which permit sudden changes in pre- 
heat flow and altered oxygen/acetylene ratio 
when the main scarfing stream is suddenly 
started or stopped. In removing seams, scabs, 
cracks, or laps from billets, ingots, or slabs, 
stability of the flow of oxygen for combustion, 
irrespective of oxygen for scarfing, becomes im- 
portant. Scarfing-oxygen pressure in any torch 
is generally five to seven times the pressure of the 
preheat oxygen. Maintenance of preheat flow, 
despite such violent changes in scarfing-oxygen 
flow during torch use, has hitherto been ignored 
or has been accomplished through complicated 
valving and regulating devices in the torch. Such 
mechanisms increase torch maintenance and, 
even when operating perfectly, can only approxi- 
mate the absolute independence of oxygen flows 
which is inherent in three-hose design. In the 
new torch, the independence of the two oxygen 
flows is maintained all the way back to indepen- 
dent pressure regulators. Additional features 
are an improved removable guard over the head 
of the torch and an improved skid-ring on the 
end of the tip. 


@ CONTINUOUS CONVERSION OF PIG-IRON 

INTO STEEL 

Many methods and apparatus are known for 
the conversion of a continuous stream of pig- 
iron to steel by blowing gaseous refining media 
onto or into such a stream, and it is a common 
feature of all these methods that the direction of 
flow of the pig-iron stream should be horizontal 
or slightly inclined. In order to control correctly 
the reactions which then take place, one after the 
other or simultaneously, it has often been pro- 
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posed to provide reaction compartments which 
can be charged with slags of different composi- 
tion, or to charge the reaction slag .o that it 
flows in countercurrent to the pig-iron, the 
object being to ensure that the fresh highly re- 
active slag comes into contact with, and acts 
upon, the already partly refined metal. A recent 
patent specification points out that all these 
proposals create difficulties in providing the 
requisite conditions between the iron and the 
slag, i.e., as regards reaction time and contact 
between metal and slag for carrying out the re- 
action. It is claimed that it is possible, when 
using a gaseous refining medium, to allow all 
the refining actions, e.g., not only decarburiza- 
tion and dephosphorization, but also slagging of 
the silicon and manganese, to proceed simul- 
taneously and completely. The apparatus pro- 
posed for the continuous conversion of pig-iron 
into steel by blowing on oxygen-containing re- 
fining gas consists of a container which at the 
top is provided with a water-cooled nozzle, 
through which the gas is introduced into the 
contents of the container. Provision is also made 
to feed slag-forming material continuously or 
intermittently to the surface of the molten bath. 
The refining gas may be oxygen, air, carbon 
dioxide, or water, either separately or in any 
desired mixture. 


@ IMPROVED METHOD OF PRODUCTION OF 

ARTICLES MADE FROM ALUMINIUM NITRIDE 

With its great hardness, high melting point, 
chemical inertness, good thermal conductivity, 
and poor electrical conductivity, aluminium 
nitride is of definite industrial value as a refrac- 
tory or abrasive material. However, attempts to 
produce articles of aluminium nitride have 
hitherto, for one reason or another, been unsuc- 
cessful or uneconomical. It is therefore of 
interest to note that a recent patent describes a 
process for the commercially economical pro- 
duction of articles composed mainly of alumi- 
nium nitride and substantially possessing the 
same properties as aluminium nitride itself. 
Basically, the method of production of such 
articles comprises intimate mixing of powdered 
aluminium nitride with a particle size of not 
more than | mm, a minor proportion of one or 
more powdered metals of groups III, IV, or V of 
the periodic classification (e.g., aluminium, sili- 
con, titanium, or vanadium) with a particle size 
of not more than | mm, a non-aqueous binder 
(e.g., paraffin wax, ceresine, or polyglycols), 
capable of increasing the compactness of the 
mixture on moulding and of being compietely 
removed after moulding, and a non-aqueous 
solvent for the binder (e.g., trichloroethylene). 
The solvent is then removed from the intimate 
mixture, which is subsequently moulded into the 
desired shape under pressure and heated at a 
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This splendid new AVO Instrument has been developed to meet a 
definite demand for a sturdy pocket-size multi-range test meter at a 
modest price, suitable for use on modern electronic arparatus as well 
as for radio and television receivers, motor vehicles, and all kinds of 
domestic appliances and workshop equipment. 


Readings are obtainable quickly and easily on a very open scale, and 
range selection is by means of a robust clearly marked rotary switch 
of the characteristic AvoMeter type. Measurements of A.C. and D.C. 
Voltage, D.C. Current, and Resistance are made by means of only 
two connection sockets. 


Sensitivity: Accuracy: 
10,000 @/V on D.C. voltage ranges. 3%, of full scale value on D.C. 
1,000 ,, oo Gs ee 2 Ly See i 7 * PG 





Designed and Manufactured by 


ia, 
NOW AVAILABLE 
10th Edition of 
AVO 
Valve Data Manual 


25/- post free 








19 Ranges 
D.C. Voltage A.C. Voltage 
0 100mV. 0 10 V. 
0- ae 0 25 Vv 
o— OV. o 100 V 
0- 25 «UV. 0 250 V 
o— 100 V 0 1000 V 
oO— 250 V 
1000 V. 
D.C. Current 
0 100uA 
Resistance " Ma 
0— 20,000 » 0 100mA 
0 2M 0 1A 


List Price: £9/10s. 


complete with Test Leads and Clips 
Size: 5g x 3§ x Ij inches 
Weight: | Ib. approx. 


Leather Case 


if required 32/6 


AYO Ltd. AVOCET HOUSE - 92-96 VAUXHALL BRIDGE ROAD - LONDON - S.W.1 = ViCtoria 3404 (9 lines) 
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iemperature above 500°C in a nitriding atmos- 
here substantially free from oxidizing gases and 
gaseous carbides, out of contact with carbon. 
The proportion of metal to aluminium nitride in 
the initial mixture is such that the article ob- 
tained after firing has a higher compactness than 
the mixture after moulding. It is stated that the 
articles obtained by the process show no irrevers- 
ible variation in volume not only after firing but 
also after long storage in cold air. These articles 
may be employed for all refractory purposes, 
eg., as furnace linings, muffles, crucibles, bur- 
ners, and diffusers, even under reducing condi- 
tions; they are also suitable for all abrasive pur- 
poses, e.g., aS grinding wheels, buffing stones, 
wire-drawing dies, and thread guides, and also 
for combined abrasive and refractory purposes. 


@ DUCTILE CERAMIC MATERIALS 

Usual ceramic materials are well known to 
lack ductility and, in order to obtain a material 
which has some of the properties of a ceramic 
combined with some ductility, heterogeneous 
metal-ceramic mixtures, i.e., cermets, have been 
developed. The production of such materials 
includes the heating of intimate mixtures of a 
metal of high melting point and a ceramic 
material to the sintering temperature, but this 
process does not give a product with a con- 
tinuous distribution of the metal phase, while 
processes depending on the impregnation of 
ceramic by metal are not always effective and 
are difficult to carry out with metals of high 
melting point. A recent invention is based on 
the observation that metal-ceramic distribution 
may be effected by the splitting up of a chemical 
sub-compound or solid solution on cooling into 
metallic and non-metallic phases. The proposed 
method consists of the use of a mixture com- 
posed essentially of a refractory compound of a 
metal and the metal in finely divided condition. 
This mixture is heated to a high temperature in 
an inert atmosphere or in vacuum and then 
cooled. The proportions of the compound and 
the metal in the mixture are chosen in such a 
way that a solid solution formed by the heating 
is split by cooling into a metallic and a non- 
metallic phase. 


@ HIGH-TEMPERATURE BUTYL RUBBER 


It is reported that extensive studies in the 
compounding and vulcanization of butyl rubber 
have resulted in the production of a new com- 
position which is notable for its high-tempera- 
ture characteristics. Compared with ordinary 
butyl rubbers, the new material has excellent 
dry-heat resistance, and peak operating tempera- 
tures as high as 450°F can be tolerated. The 
percentage of permanent compressive deforma- 
tion is extremely low, and at 300°F amounts to 
approximately 25% that of straight butyl rubber. 
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With regard to chemical resistance, it is claimed 
that the new rubber has a maximum nitric-acid 
resistance of 50% for sustained use at 150°F, as 
compared with 30% for ordinary butyl. As con- 
cerns ageing characteristics at high temperature, 
the new composition is said to show excellent 
stability, and in one case withstood superheated 
steam at 450°F for one month, as compared 
with two days for conventional materials. 
However, saturated steam will cause all butyl 
rubbers to swell and break down. Under com- 
pressive loads the new compound compares 
very favourably with conventional rubber com- 
pounds. Low compression set is, of course, an 
important feature in such moulded parts as 
gaskets, O-rings, and vibration mountings, 
especially where temperature is a factor. Against 
those chemicals calling for the use of butyl rubber, 
particularly the oxidizing compounds, the new 
material has somewhat improved resistance. 
Like all butyl rubbers, however, it is attacked 
by certain solvents, and in such cases the chloro- 
sulphonated polyethylenes and the polychloro- 
prenes should be used. Ozone resistance has 
been improved, and this is important where 
use out of doors or in the vicinity of electricai 
equipment is concerned. 


@ NEW STAINLESS STEEL FOR HIGH-SPEED 
AIRCRAFT AND MISSILES 
According to a recent announcement, a new 
type of precipitation-hardening stainless steel 
with high strength/temperature: properties has 
been evolved. This material is intended for the 
skins and structural parts of aircraft flying at 
speeds of Mach 4, where the material may be 
exposed to temperatures as high as 1000°F. It 
is of special interest to note that the new steel, 
which contains 15% Cr, 7% Ni, 1:2% Al, and 
about 2:-5% Mo, has a cost of only 10% that of 
high-strength titanium alloys. Its high-strength 
properties are due to the strong precipitation- 
hardening reaction caused by its aluminium 
content, while its molybdenum content confers 
good retention of these high-strength properties 
up to 1000°F. The carbon content of the steel is 
controlled below 0-09%, permitting it to be 
welded without the preheating or post-annealing 
treatments necessary to minimize cracking when 
welding high-strength martensitic carbon and 
stainless steels. In the annealed condition, the 
steel has a predominantly austenitic grain struc- 
ture, which, it is claimed, makes it easier to form 
than other high-strength materials ; also it does 
not temper or deteriorate in room-temperature 
strength after exposure for long periods at 400 to 
900°F. A slight increase in room-temperature 
strength has been measured after the steel has 
been stressed above operating limits for 1000 hr 
at 800°F. Procedures for hardening may be 
varied to suit different production cases : thus, 
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Boyer Superior Hammers - start 
smoothly, handle easily, have ex- 
tremely fine throttling control to 
impart the correct hitting speed and 
power, and are unfailingly reliable. 
For these operational features and 
the comprehensiveness of the range, 
these hammers and allied C.P. 
equipment are the most suited-to-the- 
job tools for clipping, caulking, 
scaling, scraping and stone work. 
Write for the chippers and scalers 
section of catalogue No. 50. 
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or instance, when severe cold forming is neces- 
sary, annealed material with an ultimate tensile 
strength of 130,000 psi is used, precipitation 
hardening after transformation treatment being 
effected by heating at 1050°F. for 1} hr and then 
cooling in air. 


@ DETECTION OF IMPURITIES IN RARE GASES 


Commerically produced rare gases are often 
contaminated by small quantities of gaseous 
impurities. For example, the rare gases in air, 
ie, argon, kryton, and xenon, are frequently 
contaminated by small amounts of nitrogen. For 
many uses the presence of minor amounts of 
impurities is not harmful, but in certain applica- 
tions the rare gas is required in a high state of 
purity. For example, argon intended for use in 
gas-shielded arc welding must have a relatively 
low nitrogen content, and similarly there is a 
definite upper limit to the amount of methane 
tolerable in helium intended for use as a shield- 
ing gas. The rare gases are inert, and where the 
contaminant is also relatively inert, as in the case 
of nitrogen, only those methods based on 
physical effects are likely to be practicable for 
the estimation of the contaminant. An apparatus 
has been patented which utilizes the effect of 
traces of impurities on the optical character- 
istics of a silent electric discharge in the rare gas 
at low pressure. In the case of pure argon, the 
discharge is blue, but the addition of nitrogen 
introduces a tinge of pink. This phenomenon can 
be used as the basis of a quantitative estimation 
of the impurities contained in a rare gas. The 
apparatus used for this purpose comprises an 
electric discharge tube, through which the im- 
pure rare gas is passed at substantially sub- 
atmospheric pressure, and one or more photo- 
electric cells responsive to the changes in the 
optical characteristics of the discharge due to 
the impurity. Another set of photoelectric cells 
is provided which is responsive to the optical 
characteristics of the discharge when pure gas 
is passed through the discharge tube, but not 
to changes due to gas impurities. The two sets 
of cells are connected in opposition, so that an 
indication of the amount of impurities con- 
tained in the gas is obtained. 


@ COMBINED FORGING 


MACHINE 

_ By combining the features of a vertical spin- 
ning lathe with a process for forging the wall 
thickness of sheet parts, a new machine not only 
makes it possible to form conical, hemispherical, 
parabolic, and other shapes from a single piece 
but also to forge the metal, varying the wall 
thickness from an inch down to a few thou- 
sandths of an inch. Two hydraulically operated 
Opposed rollers are used to supply the force 
required for spinning and forging. These rollers 
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feed vertically down the form longitudinally into 
die contours and, as they are mounted on angu- 
lar tilting heads, follow all contours, maintaining 
a 90-deg. contact with the surface of the work. 
Each roller operates independently of the other, 
and roller travel in all directions is tracer-con- 
trolled from templates. A forming force of 
225,000 Ib is supplied to each roller by hydraulic 
cylinders operating at 3000 psi, the feed rate 
being 60 ipm. The die, which is contoured to the 
shape of the finished part, is mounted on a 
rotating table with spindle speeds up to 400 rpm. 
The system includes a closed television circuit 
for close-up vision from a remote location, pro- 
viding safety for personnel in the event of failure 
of parts. Other circuits permit programming 
forming operations for automatic duplication of 
parts. One of the basic machines of this type is de- 
signed for forming thin-walled parts for uniform 
wall thickness, e.g., tank ends, missile noses, and 
aircraft fuselage components, but different 
models may be developed for other industries. 


@ SEMICONDUCTORS FOR MEASUREMENTS 


OF MAGNETIC FIELDS 

For measuring magnetic field strength, the 
dependence of the specific electric resistance of 
bismuth on a magnetic field is generally em- 
ployed, using long bismuth wires wound into 
flat coils and capable of insertion into narrow 
air gaps. However, a disadvantage of bismuth 
coils is that only relatively low measurement 
values are obtained. Another method of mag- 
netic field measurement utilizes the Hall effect, in 
which flat strips of crystalline germanium are 
secured to small probes consisting of a handle 
and a thin flat holder. It is also possible to 
employ a quartz plate as the holder and to apply 
on it a germanium layer by vapour coating. A 
recent proposal in a patent specification is the use 
of semiconducting compounds of high carrier 
mobility, i.e., higher than 6000 cm?/volt-sec. 
Compounds of this type contain aluminium, 
gallium, or indium, with phosphorus, arsenic, or 
antimony, the choice of the substance used 
preferably depending on the effect to be utilized. 
Thus, if the dependence of the specific electrical 
resistance on the magnetic field is required, semi- 
conducting compounds with a large specific 
resistance change should be used, e.g., indium 
antimonide. On the other hand, for utilizing the 
Hall effect, resistance elements consisting of 
indium arsenide are proposed, because this sub- 
stance combines a particularly low temperature 
dependence of its specific resistance and of its 
Hall constant. The use of these types of semi- 
conductors is claimed to present special advan- 
tages in cases where magnetic fields which vary 
as a function of time are to be measured, since 
they are not subject to the disturbing influence 
of the inductive component. 
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NMiotor speed control! 


Three good reasons for specifying th, ratrons. 


* Smooth and continuous control 
3 Rapid response 


3 Minimum wasted power 


other advantages—they have a high sensi- 
tivity and provide a precise control, they 
have no contacts to deteriorate and will 
operate efficiently in bad atmospheric 
conditions. 

Mullard have wide experience in the 
manufacture and application of these 
specialised valves. The present large and 
comprehensive range covers mercury and 
rare gas types, both large and small, for 
equipment controlling currents up to 
75 amps. All the valves carry a long-life 
guarantee. 

Full details of thyratrons and _ other 
Mullard valves for electronic motor speed 
control are readily available from the 


address below. 





COMMUNICATIONS: AND Airs 
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attend Muilard Limited, Mullard House, 
A Torrington Place, London, W.C.|. Tel: LANgham 6633 
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The N-S_ variable-speed a.c. moto: 


By providing exactly the right speed of drive for varying conditions, the 


N-S variable-speed a.c. motor has enabled increased production efficiency 


to be realized in many industries and has facilitated the development of 


entirely new manufacturing techniques. 


The N-S motor can be adjusted steplessly over a wide speed 
range under all loading conditions. The brushgear is fixed, 
speed variation being obtained by means of an induction 
regulator, which may be operated by means of a hand- 
wheel or lever, or by a pilot motor under the control of push- 
buttons or automatic devices. The latter may be actuated by 
any measurable quantity such as thickness, tension, gas pressure, 
speed of another machine, etc. Many forms of control are avail- 
able to keep the motor speed constant or to vary it in accord- 


ance with the requirements of the process. 


The normal N-S motor has a shunt characteristic, but a series 
characteristic can be provided. Operational reversing can be 
arranged. Regenerative braking is an inherent characteristic 


and controlled rapid retardation may be obtained. 


N-S motors are made for outputs from | h.p. to several thou- 
sand h.p., with any speed range required by industrial 
machinery. All usual forms of enclosure are available, including 


closed air circuit machines with air/air or air/water coolers. 


¥ 


( CONTACTOR 


OVER-CURRENT 
RELAY 
STATOR 
WINDING 
¢ 

ROTOR WINDING INDUCTION 

WITH COMMUTATOR REGULATOR 

AND BRUSHES 


Schematic diagram of N-S motor installa- 
tion. The induction regulator may be 
adjusted by hand, from remote push- 
button, or from an automatic device 
actuated by pressure, thickness, tension 
or other measurable quantity or condi- 
tion. 














Further details of the N-S motor and its 
possibilities may be had from any L.S.E. 
branch or from Publicity Dept., 376 Strand, 
London, W.C.2. 


*For details of other L.S.E. variable speed 
machines, see advertisement page A7!. 


LAURENCE, SCOTT & ELECTROMOTORS LTD 
Specialist Makers of Electric Motors Since 1883 


NORWICH, MANCHESTER, LONDON & BRANCHES 
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WHEREVER the demand for an electrical variable-speed 
drive arises, there is a wide range of machines from which 
to choose, but there is no one type of machine which 
provides the ideal drive for all requirements. It is possible 
that for ary given set of circumstances there may be a 
type of drive which is ideally suited to the job in question 
but, in general, the engineer will find himself faced with a 
compromise. One type of machine may offer advantages in 
certain respects, while another will be found to be better 
in others, and the engineer must decide finally what he is 
prepared to sacrifice on the one hand in order to gain on 
the other. The object of this survey is to provide sufficient 
discussion of the mode of operation and salient properties 
of the majority of electrical variable-speed drives to enable 
an evaluation of their relative advantages and dis- 
advantages to be made, and so to choose the most suit- 
able system for a particular application. 

The field covered by this subject is so wide that it is 
almost impossible to make a list of all the requirements 
which may arise in one application or another. In order, 
therefore, to provide some limitation to the length of this 
survey, discussion of electrical servo-mechanisms such 
as the Velodyne is omitted, although brief reference will 
be made from time to time to servo-systems, when it is 
felt that benefits may accrue from further investigation 
into the use of a servo-mechanism to meet a particular 
requirement. Similarly, no details are given of such 
ancillary equipment as switchgear, starters, and resistors, 
as these constitute a subject in themselves. 

The following list contains some of the principal 
factors to be considered when choosing an electrical 
variable-speed drive, the first five factors being perhaps 
the most general. 


Principal Factors Affecting Choice of Drive 


(a) First Cost. 

(b) Efficiency. 

(c) Speed Range. 

(d) Regulation. 

(e) Power-to-Weight Ratio. 

(f) Availability of Supply. 

(g) Maintenance and Reliability. 

(h) Change in Power and Torque over the Speed 

Range. 

(i) Simplicity of Control Gear. 

(j) Effect of Variations in Supply. 

(k) Power Factor. 

(1) Characteristics of the Load. 

(m) Operational Environment. 

(n) Braking Requirements. 

There is no significance in the order of the items in the 
above list. For example, there may well be applications 
where lirst cost and running cost are of no consequence, 
provided that the end is achieved. There may even be 
exampi:s where the entire list may be superseded by a 
fequirenvent which is not even included. It is hoped, 
howeve:, that the subsequent descriptions of the various 
system. available will form sufficient basis for a decision 
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to be made in all cases as to which system offers the best 
solution. Incidentally, a large proportion of the factors in 
the list also applies to mechanical and hydraulic drives. 


(a) First Cost 


Many of the items in the above list have a major 
influence on the first cost of a variable-speed drive. In 
general, the greater the speed range demanded, the higher 
the price, some systems being better than others in this 
respect. In some applications the assessment of first cost 
must extend well beyond the motor itself to such con- 
siderations as the cost of the control gear, the cost of 
mounting the machine in the required position, and the 
cost of any additional equipment made necessary through 
sacrificing one aspect in order to obtain better perform- 
ance in another. The power-to-weight ratio clearly has a 
bearing on the cost of mounting, whilst the extra cost of 
providing a type of supply not readily availabl2 must also 
be considered. In general, first cost is probably more 
important than running cost. 


(b) Efficiency 

Efficiency is generally the major factor affecting run- 
ning costs. Electrical machines are generally very efficient, 
provided that they are not very small. For example, most 
electrical machines over 2 hp are more than 60%, efficient, 
and efficiency is therefore often only a secondary con- 
sideration in choosing an electrical variable-speed drive. 
It must nevertheless be remembered that, if two or three 
machines are employed in a system, the product of the 
individual machine efficiencies may well result in a rather 
poor overall efficiency. Another aspect of poor efficiency 
which may be important is that all the losses appear as 
heat, which must be continuously removed. With regard 
to fractional-horsepower motors, the inherent low effi- 
ciency is never likely to present a problem, unless the 
number of motors required becomes very large, as the 
amount of power wasted is trivial. 


(c) Speed Range 

Speed range is quite a potent factor in that it can in- 
fluence other quantities, such as power-to-weight ratio 
power factor, and, of course, first cost, to a very large 
extent, particularly if the speed range demanded is high. 
Consequently, a compromise may often be the best 
choice. For example, to face a disc on a lathe and miin- 
tain a constant cutting speed from a radius of 12 to $ in. 
requires a 24 : | continuously variable sp2ed drive. The 
resulting size, complexity, and cost of such a michine are 
such that the designer is well advised to be contznt with a 
much lower speed range and to tolerate small deviations 
from the ideal cutting speed over a comparatively small 
area of the disc. Rarely are the efficiency and regulation 
values maintained over the entire speed range of any 
machine, and, as a general rule, the greater the speed 
range, the greater is the variation in these quantities. The 
power-to-weight ratio is also likely to be severely affected, 
usually falling towards the low-speed end of the range. 


(d) Speed Regulation 


A general rule concerning speed regulation is that the 
more strictly the machine is expected to hold any de- 
manded speed against a variable load, the higher will be 
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the penalty in some form or other, i.e., if not in actual 
cost, in loss of power-to-weight ratio, efficiency, etc. 
There are, of course, applications where speed fluctua- 
tions must be virtually zero, and such applications usually 
call for the use of a servo-controlled system. The effect 
of a high speed range, as already mentioned, should also 
be borne in mind. 


(e) Power-to-Weight Ratio 


Power-to-weight ratio is naturally significant in that it 
influences first cost. It has other important aspects, how- 
ever, inasmuch as certain applications demand as small a 
weight as possible, irrespective of cost, e.g., in the motors 
used in aircraft. Often, “‘ power-to-size ”’ ratio may be 
more important than power-to-weight ratio. In some 
applications, the choice of variable-speed equipment 
with a total weight and size exceeding those of another 
system is preferable, provided that the final drive motor 
is the smallest possible. An example of the latter is found 
by comparing a Schrage motor with a Ward-Leonard set 
with an induction-motor drive. The total weight of all 
three machines of the Ward-Leonard set exceeds that of 
the Schrage motor, but the volume and weight of the 
final d.c. motor of the Ward-Leonard set is much less. 
Thus, it may te necessary to distinguish between overall 
power-to-weight ratio and power-to-weight ratio “at 
the job”. 

(f) Availability of Supply 

The British grid system, providing a 3-phase, 4-wire 
a.c. supply, is naturally the most common source. In a 
number of variable-speed systems a d.c. motor is used as 
the final drive, and some form of converter is needed in 
addition to the motor. It does not follow, however, that, 
if a d.c. source of supply were readily available, a simple 
d.c. motor would in all cases be the best solution. The 
efficiency and accuracy of the control equipment and the 
working environment may well favour the use of a more 
complex system. 


(g) Maintenance and Reliability 


There is no doubt that for robustness, simplicity, and 
reliability the induction motor would undoubtedly be 
the natural choice, were it not for the fact that the simple 
cylinder of almost solid metal which constitutes its rotor 
results in a virtually constant-speed motor. Further- 
more, when the simple induction motor is modified by 
fitting a wound rotor with a commutator, maintenance 
troubles associated with the commutator and brushgear 
inevitably result. The problem of commutation is most 
acute in a.c. machines, particularly in single-phase types, 
while d.c. machines suffer less in this respect from brush 
wear and the consequences of sparking. Machines incor- 
porating only slip-rings and brushes are generally less 
troublesome in this way, although a motor with brushgear 
of any kind will require more maintenance than a brush- 
less motor. 


(h) Change in Power and Torque over the Speed 
Range 

For a fixed-speed machine, such as an induction 
motor, the speed-torque curve can be shaped in the design 
stage to give a wide variety of characteristics, and such 
quantities as overload torque, starting torque, and speed 
regulation on full load can be specified by the customer. 
In the case of variable-speed motors, however, the com- 
plete speed-torque curve can rarely be fixed by design to 
meet requirements for more than one particular control 
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setting. It may therefore be necessary to deci 
to accept the performance at another setting, o: 
a larger machine than might at first appear nec 


hether 
install 


pein 
order to comply with minimum requirements :; ri 
trol settings. The power output from many — ectrical 
variable-speed drives increases with speed, these zing, in 
fact, constant-torque systems. At the same tir... other 
systems have inherently constant-power chara 2ristics, 
torque decreasing with an increase in speed. S. me sys- 
tems have characteristics which embody neiti:er cop. 
stant power nor constant torque, but lie somewtiere be- 


tween the two. Very often the materials in a variable. 
speed motor are used efficiently only at one particular 
control setting, i.e., at one required speed. At any other 
speed setting, the materials may not be utilized to the 
full, and the power-to-weight ratio will suffer accordingly, 
The characteristics of the load, to be discussed later, must 
also play a large part in determining the type of motor 
most suitable in many cases. 


(i) Simplicity of Control Gear 


This aspect is closely allied to maintenance and reli- 
ability. On the whole, the simpler the control, the less 
will be the maintenance required and the more reliable the 
equipment. Electronically controlled motors must usually 
possess some special features over and above the simpler 
types of control before their use is justified. Thus, for 
example, although electronic control gear can provide 
effective speed regulation on all loads down to zero over a 
wide range of speed requirements for a d.c. motor, if such 
requirements are exacting, the result may well be a con- 
trolling device bigger than the motor itself and certainly 
requiring more maintenance. 


(j) Effect of Variations in Supply 


For general-purpose drives, a small percentage varia- 
tion in supply voltage or in frequency may not have a very 
profound effect. For some purposes, however, the results 
of such fluctuations may be vital. A study of the char- 
acteristics of the various systems will generally reveal the 
result of supply changes and, if the effects are likely to be 
devastating, a servo-mechanism is usually required, either 
to control the supply itself or to counteract the effect of 
the fluctuations through the medium of the control gear. 
Some variable-speed drives are less sensitive to variations 
than others, and for applications where the effects are 
quite important, but not vital, there is generally a suitable 
system available. 


(k) Power Factor 


Low power factor alone is never an insoluble problem 
in alternating-current drives. At worst, supplementary 
equipment for correcting power factor can be installed, 
thereby increasing the cost of the installation. The 
penalty for consumption of large quantities of heavily 
lagging current is reflected in higher running costs. 

The ordinary induction motor always takes lagging 
current, and the problem of low power factor in variable- 
speed a.c. motors is usually no worse than that for fixed- 
speed a.c. motors ; in fact, the variable-speed motor is 
often the better in this respect. As a rule, power factor 
varies both with load and control setting. 


(1) Characteristics of the Load 


Under this heading should be considered such factors 
as requirements for the machine to start up under load, 
steady or intermittent loads, and required rate of 
acceleration or deceleration from one speed to another. 
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Fig. 1. Classification of electrical variable-speed drives. 
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varies only as the square of the diameter, 
whereas the rotor moment of inertia varies as the fifth 
power of the diameter. Motors designed for rapid 
changes in speed are therefore usually of small 
diameter and of comparatively great length. 

Certain types of loads, particularly those in which 
fluid friction is involved, e.g., fans, have a rapidly 
rising torque-speed characteristic. The choice of a motor 
possessing a rising characteristic is therefore unwise for 
this type of load, as it may easily fail to reach the desired 
full-load speed, owing to the existence of a stable condi- 
tion at a much lower speed. 


(m) Operational Environment 


Operational environment often rules out the use of 
commutator motors or even slip-ring motors. Explosive 
atmospheres naturally do not permit the possibility of 
sparking, whilst corrosive atmospheres so quickly destroy 
the surfaces of commutators and slip-rings as to make 
their use impracticable. Brush wear in motors operating 
in low-pressure atmospheres is excessive. Motors for use 
in high-vacuum work need special design to reduce out- 
gassing of insulating materials, etc. 

For some applications it is possible to use a variable- 
speed system employing more than one machine, where 
only the final drive motor is brushless, the control gear 
and auxiliary equipment being housed outside the 
prohibitive atmosphere. Other applications merely de- 
mand that a motor be flameproof, in which case a com- 
mutator motor operating on a closed air-cooling circuit 
can be used. Other fairly common requirements are that 
the motor should be able to withstand heavy spraying 
with water or high humidity, or that it be merely splash- 
proof or drip-proof. 

Motors required to work in high temperatures also 
need special design. In this connection some motors take 
in costing air” at 100°C, and the use of special insulat- 
DEC’ MBER, 


S57 Volume 18, No. 12 





ing materials is the main consideration in the design of 
such machines. 

In all cases of unusual environment, there is some 
price to be paid for special design. Thus, the machine may 
be larger than the conventional type for the same power, 
or may require a special shape. In either case, it will be 
more expensive. 


(n) Braking Requirements 

Braking requirements are very often based on per- 
sonnel safety measures. Some types of machine readily 
lend themselves to what is called “‘ dynamic ” braking, 
i.e., they can be used to stop themselves rapidly, either 
with or without the assistance of a mechanical brake, 
usually necessitating additional control gear and in some 
cases auxiliary current supplies. In very large motors the 
main problem in stopping may be simply the disposal of 
the energy stored in the rotor. In certain types of drive it 
is possible to arrange braking in such a way that the stored 
energy in the rotor is returned to the supply as the motor 
is decelerated. Such a machine is said to be capable of 
regenerative braking. 


Types of Electrical Variable-Speed Drives 


The operating principles of the various types of motor 
will now be described. Fig. | is a classification of elec- 
trical variable-speed drives under general headings, 
according to the principles employed, the first major 
division being made in terms of the type of input. The 
fact that the a.c. input side appears more heavily deve- 
loped in this diagram is perhaps a direct result of the 
readily available a.c. grid supply. 

For convenience, the electrical variable-speed drives 
described in the following pages have been divided into 
three main groups, i.e., a.c. drives, d.c. drives, and sys- 
tems converting mains a.c. to d.c. 
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A.C. MAINS - INPUT DRIVES 


Polyphase Induction Motors 


Although a rigorous classical analysis of the operating 
conditions in a polyphase induction motor is extremely 
complex, the action can be described satisfactorily for 
most practical purposes by the analogy of the rotating 
magnetic field. 

Conducting material placed in such a field is cut by 
the rotating field, the induced e.m.f. and current being in 
such a direction as to oppose the relative motion, i.e., the 
torque on the rotor attempts to accelerate it to the syn- 
chronous speed of the field. In the presence of a load 
torque 7, whether it be used purely in acceleration, in 
true load, or in a combination of the two, the power de- 
livered by the rotating field of speed ws; to the rotor is 
Ts. The torque exerted by the field on the rotor must 
equal the torque exerted by the rotor on the load. Thus, 
the power output is 7m. The quantity Tw; — Tw must 
therefore be the rotor losses. The relative velocity be- 
tween the rotor and the field, i.e., the angular velocity 
with which the rotor “ slips ” through the field, is ©; — a, 
and the fractional slip o is defined as(@; — @)/@s = 
1 — (@/s). 

The frequency of the e.m.f. generated in the rotor is 
therefore of. Since Tw; — To = rotor losses, and Tas is 
the rotor input, the rotor efficiency is 1 —o. 

The efficiency of the whole machine is, of course, less 
than this, and a reasonably designed machine might be 
expected to run at a small slip on full load. This being so, 
the frequency of the rotor e.m.f. is small, and rotor iron 
loss can be safely neglected in the simple theory, so that 


(1) 
rotor input 
This equation now forms a basis for the prediction of the 
speed-torque curve from given parameters. In this simple 
treatment, stator resistance, leakage reactance, and 
magnetizing current are ignored. 

Suppose that the rotor is wound with a 3-phase 
winding like that of the stator, the turns ratio, rotor to 
stator, being N, and that the rotor resistance per phase is 
R and the leakage reactance per phase at standstill is X. 
At a slip o, the rotor leakage reactance becomes 0X. 
The induced rotor voltage per phase at standstill will be 
NE, if E volts per phase are supplied to the stator. Ata 
slip o, the rotor volts are reduced to oNE, and the rotor 


rotor copper loss 





OVERLOAD OR 






current per phase is (oNE)/ \/R2+-62X 2), © rotor 
copper loss per phase is therefore (o2N2E2R)/(k 62 Xx) 
which is in watts if E is in volts and Rand X n ohms. 
Hence, from eq. 1, 
o2N2E2R 
cla; = — os fi ) 
R?+02X2 <a 
If the torque is to be expressed in lb-ft, then eq. (2) 
becomes 


oN2E2 550 
s(R2+62X2) 746 
The shape of the torque-speed curve depends largely 

on the ratio R/X, and eq. (3) may be written 





(3) 


ao 
Fe ee (4) 
a2+o2 
N2E2 550 
here a = R/X, and k = - - treati 5 
w a o.X 746 (treating X as 
fixed and R as the variable parameter). 
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Fig. 3. 


Eq. (4) is plotted in Fig. 2 for various values of 
a = R/X. The peak of each curve occurs at a slip o 
R/X. Another way of analysing the effect of leakage 
reactance is to plot eq. (3) for fixed R and 
variable X, the results of such an analysis 
being shown in Fig. 3. Similar results can be 
obtained for squirrel-cage rotors and solid 


= 
w 2 rotors of conducting material. Although the 
u simple theory neglects stator leakage react- 
rs 60 ance and resistance, the latter quantities 
~ FULL-LOAD TORQUE produce similar effects to their rotor coun- 
c---—--- | -9=02 terparts. Increased stator leakage reactance, 
5 40; _9=03 for example, means a greater reactive volt- 
g a=05 age drop, which is more and more potent 
“4 ws! ; Peeve with increased slip, since increased slip 
fF ie means increased currert. Magnetizing cur- 
| po rent, too, has a similar effect to rotor leak- 
| anes fin. a a age reactance on the speed-torque curve. 
ro SLIP o 05 O03 02 Although leakage reactance is the result of 
0 SPEED [% oF w,] 50 70 80 an imperfection in the —— rs -. 

Fig. 2. Theoretical speed-torque curves of an induction motor with theless be exploited to produce des! 
variable rotor resistance R. results. 
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Fig. 3 shows that, if it were possible to build a machine 
with no leakage, the starting torque would be many times 
the full-load torque. In fact, if full-load torque occurred 
at 5% slip, the starting torque would be 20 times full- 
load torque. The starting current, however, would also 
be far in excess of full-load current, and, indeed, would 
produce 20 times full-load stator copper loss. A certain 
amount of leakage reactance can therefore be useful in 
limiting starting current to a reasonable level, since it 
leaves the portion of the speed-torque curve between full 
load and running light virtually unimpaired. The loss of 
starting torque is generally a bad feature, however, 
especially in machines required to start up on load. This 
aspect is illustrated by the full-load torque line in Fig. 2. 
A machine normally run with a short-circuited rotor 
having an R/X ratio of 0-2 will not start up if the load 
torque exceeds 40% of the overload torque. The same 
figure, however, suggests the solution to the problem 
since, if the rotor resistance could be increased to, say, 
R= X, the whole of the overload torque would be avail- 
able at starting. Once having run up to position A, the 
resistance can be reduced to give an R/X ratio of 0-5 
(position B), and the machine will then accelerate to 
position C, more resistance being then removed, and so 
on, the machine reaching the normal running condition 
via the characteristics SABCDEFG. The penalty for this 
starting device is a wound rotor, slip-rings, brushes, and 
an external resistance—quite a high price to pay for the 
privilege of starting on load. 


Double-Cage Rotors 


Machines with wound rotors and starting resistance 
are now largely superseded by “ direct-on start ’’ double- 
cage rotor machines. The design of the double-ceg2 
rotor is a prime example of the exploitation of an imper- 
fection, which once again is the leakage flux. The rotor 
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Fig. 4. Speed-torque curve of a double-cage motor. 


carries two cages, one of thick bars sunk into the rotor 
in deep slots and the other of thinner bars in shallow slots. 
The inner cage has a high leakage reactance X and low 
Tesistance R, and the outer a low leakage reactance and 
comparatively high resistance. At standstill the imped- 
ance of the inner cage, largely due to its reactance, is 
greater than that of the outer, and the bulk of the current 
flows in the outer winding, which may be designed to have 
R=. As the slip is reduced, the impedance of the 


inner «ge falls appreciably, whilst the outer-cage im- 
pedan- stays sensibly constant. If the slip is reduced to 
2ef0,! ~ outer-cage impedance can only change by about 
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40%. The rotor current transfers to the A.C. DRIVES 
inner cage as the machine accelerates, 
and, when running at normal slip, the inner cage carries 
the bulk of the current. The effect may be represented 
by the diagram in Fig. 4, where the effects of the two 
cages are shown separately, producing th2 flat charac- 
teristic for the whole machine. Many ingenious designs 
of double- and triple-cage rotors have been used to shape 
the speed-torque curve to meet particular requirements. 
In some cases, a deep rectangular bar is sufficient for the 
purpose. 





Efficiency and Power Factor of Induction 
Motors 


All electrical machines have one property in common 
with regard to their performance, i.e., the bigger the 
machine the better will be the performance over the same 
speed range. The dimensions which have the major effect 
on such quantities as power factor and efficiency are pole 
pitch, air-gap, and supply frequency. One method of 
assessing the properties of a machine is to calculate or 
measure the rotor relaxation time-constant t. In terms of 
pole pitch p, rotor resistivity p,, air-gap length g, and gap 
permeability p1., the time-constant t is given by 
4p? pw. / tp g oe as <= “8 
being much greater than 1/f in a good machine. 

The pole-pitch term, which is the only term of second 
degree in the time-constant expression, plays an impor- 
tant part in the design of slow-speed machines. If an 
induction motor is to be run trom a 50-cps supply at 
100 rpm, it requires over 60 poles. Even on medium-sized 
machines, this entails a very small pole pitch, resulting in 
an efficiency and power factor which are of the same order 
as those for a 2-pole machine of only 1/30th the diameter. 
Generally speaking, a 50-cps machine with a synchronous 
speed in the 100- to 200-rpm region and of reasonable 
efficiency could be designed to supply much more power 
than that required. One line of approach in the design of 
slow-speed motors in the light of the above deductions is 
to build a large rotor, but to operate with just sufficient 
stator to give the desired power. This approach, which 
results in machines with discontinuous stators subtending 
arcs of less than 100 deg. at the centre, has been developed 
in Russia.! 


5 4 = 


Cynamic Braking of Induction Motors 


Eqs. (2), (3), and (4) are valid for negative values of 
o and for values greater than 1-0. A slip greater than 1-0 
implies that the rotor is travelling in the opposite direction 
to the field, while negative slip means that the rotor is 
travelling faster than the synchronous speed of the field. 
The speed-torque curve of an induction motor plotted 
over the entire range of speeds from —2@; to +2q@s is 
shown in Fig. 5. Although the simplified theory predicts 
a curve which is symmetrical about the speed @s, this is 
not realized in practice, and, owing to losses and mag- 
netizing current which are not taken into account in the 
simple theory, Tm’ is greater than Tin. 

When the stator field of an induction motor is used to 
produce deceleration of the rotor, dynamic braking is said 
to be used. This may be effected in one of three ways, i.e., 
“* plugging ”, d.c. braking, and regenerative braking. 


(a) ‘* Plugging ”’ 
If two phases of the stator supply are interchanged 
whilst the machine is still running, the direction of motion 
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of the field is reversed and the machine, which was origin- 
ally operating at a speed @ (Fig. 5), now finds itself 
operating at an effective speed of —@, and will be de- 
celerated to rest under the influence of torque represented 
by ordinates of the curve PA in Fig. 5. It should be noted 
that, during this time, energy is being supplied to the 
machine, all of which is wasted as heat. Under this sys- 
tem the machine will not normally remain at rest, once 
it has been decelerated, and if the conditions remain un- 
changed the motor will be accelerated to a speed @ in the 
opposite direction. 
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Fig. 5. Speed-torque curve of an induction motor over the entire speed 
range. 

A third point to note in connection with plugging is 
that the available braking torque is small compared with 
the available accelerating torque, represented by ordi- 
nates from A to Q, and that the braking torque is least 
when the machine is first switched over to plugging. 
“Stray load loss ”’—an effect which is normally un- 
desirable and which is produced mostly by pole face 
losses—tends to improve the operation of plugging by 
modifying the speed-torque curve for negative speeds to 
that shown dotted from A to P’ in Fig. 5. Plugging is 
not, in general, a particularly advantageous method of 
dynamic braking. 


(b) D.C. Braking 


The second form of dynamic braking involves discon- 
necting the polyphase supply from the stator and re- 
connecting the windings to a source of direct current, so 
as to convert the stator into a system of static electro- 
magnets. The machine is now the equivalent of a motor 
running at a speed @;—@ which is being accelerated up 
to a speed ws; the braking torques are as shown in Fig. 6. 
These curves assume that the gap flux density produced 
by the direct current is the same as that produced by the 
alternating current in normal operation, but this is not 
quite the case in practice. 

In this form of braking very little energy is supplied to 
the motor. There is some stator copper loss and energy is 
necessary to set up the steady flux, but otherwise there is 
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Fig. 6. Dynamic d.c. braking of an induction motor. 











no need to supply power, as with plugging. e rotor 
kinetic energy, however, is dissipated as rotor co_ 2er loss, 
as in the case of plugging. Whilst it is true that t. <re is no 
tendency for the machine to be re-accelerat«.. in the 
opposite direction with this form of braking, a <ifferent 
disadvantage arises. This is evident from Fig. -, which 


shows that there is zero braking torque at ze: speed, 
Although the rotor is losing speed most rapicdiy at the 
velocity—@;R/X, as shown in Fig. 6, the specd there. 
after falls almost exponentially to zero and, in practice, 
the load and/or frictional forces are effectively the only 
braking forces over the last portion of the run-down. 


(c) Regenerative Braking 


Regenerative braking is the most economical method 
of the three. If the synchronous speed of the field can be 
lowered, the negative torque shown at RS in Fig. 5 will 
result, and the kinetic energy of the rotor will be returned 
to the supply as electrical energy, since the induction 
motor becomes an induction generator, once its speed 
exceeds that of synchronism. The disadvantage of this 
method is that it is necessary to reduce the field speed to 
zero in order to stop the machine. In general, regenera- 
tive braking is possible only between one speed and 
another, and not between any speed and rest. 

Dynamic braking of induction motors may be 
summed up by saying that conditions are rarely very 
favourable for its use, and that, if the machine is to be 
brought rapidly to rest, mechanical brakes are necessary, 
whether or not dynamic braking be used to assist them. 
Finally, it should be emphasized that dynamic braking 
does not necessarily imply regenerative braking, and that 
plugging is a particularly uneconomical form of braking 
from the purely electrical point of view. 


Speed Control of Induction Motors by Varying 

Slip 

An induction motor with a wound rotor, slip-rings, 
and starting resistance can be used as a variable-speed 
device by inserting a rotor resistance when running and 
allowing the load torque to increase the slip. Thus, in 
Fig. 2 a motor designed to run at maximum speed at 
point G with no additional rotor resistance can be slowed 
down to the point E by adding resistance sufficient to 
make an R/X ratio of 0-3, instead of 0-2, assuming that 
load torque remains constant. If load torque falls off with 
speed, as in the case of fan drives, then the speed reduction 
from G to the curve DE would not be quite as great. The 
system is unsuited to constant-power drives where the 
load torque increases as the speed is reduced, since the 
system soon becomes unstable. 

Variable slip-speed control systems are inherently in- 
efficient, as a 2:1 reduction in speed implies a rotor 
efficiency of less than 50%, and this system is therefore an 
uneconomical proposition for all but very low speed 
ranges. In terms of eq. (1), the slip is increased by in- 
creasing the rotor copper loss, except that in this case a 
considerable proportion of the copper loss occurs not In 
the rotor itself, but in the external resistance. The second 
major disadvantage of the system is that, since the load 
forces the slip to the desired value, the speed of the motor 
is completely load-dependent. 

An alternative method of varying the slip, which does 
not necessarily entail the use of slip-rings and a wound 
rotor, involves variation of supply voltage. Fig. 7 shows 
the variation in the speed-torque characteristic with 
changes in supply voltage. A constant load torque might 
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be supplied over the range of speeds from A to B without 
risk of instability. A fan-type load could be varied be- 
twen A and C, whilst the speed range of a constant 

wer load would be very small, e.g., between A and D. 
The penalty for this type of speed control is a variable- 
voltage source capable of handling the full stator current 
of the motor. Although the actual cost of such a piece of 
equipment may exceed the difference in cost between a 
squirrel-cage motor and a motor with a wound rotor, 
slip-rings, and external resistance, there is something to be 
gained in that the motor itself is brushless. 


| SUPPLY VOLTAGE AS A 
| PERCENTAGE OF MAXIMUM 
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Effect of variations in supply voltage on the speed-torque 


Fig. 7. 
characteristic of an induction motor. 


Despite its inherent inefficiency, the variable-slip type 
of drive has found many applications, both in small 
motors (where, as in the case of small d.c. motors, power 
consumption may be of secondary importance), and in 
very large projects such as pit winding gear (where the 
cost of the installation with this type of speed control is 
much less than with any other type of control system). 
An example is the winder installation at the Odendaalrus 
Gold Mine in the Orange Free State, South Africa. Four 
doubie-drum winders, each delivering 4200 hp, are in 
use, each winder being driven by two 2100-hp induction 
motors with a rotor resistance bank. A view of one of 
these winders, with its two motors (manufactured in the 
U.K. by The General Electric Co. Ltd.), is shown in 
Fig. 9. Incidentally, this installation utilizes d.c. dy- 
namic braking, a 110-hp motor generator being used to 





Fig. 8. M ‘or-generator used for d.c. dynamic braking of the winder 


shown i: ig. 9, with some of the associated control equipment. 
(Courtesy of The General Electric Company Ltd.) 
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supply the d.c. excitation to thestators for A.C. DRIVES 
dynamic braking and being arranged for ~~~ 
direct-to-line starting. This motor generator, with some of 
the associated control equipment, is illustrated in Fig. 8. 

An example of medium-sized drives of this type is 
provided by the Lawrence, Scott & Electromotors 
** Revcon ” drive for cranes, in which the slip-ring rotor 
is specially wound for dynamic braking by d.c. injection. 














a at & 


Fig. 9. Winder with two 2100-hp induction motors installed in a South 
African gold mine. 
(Courtesy of The General Electric Company Ltd.) 


Slip-ring motors in a very wide range of sizes are 
manufactured all over the world. In comparison with 
drives incorporating commutator motors, the initial cost 
of a drive incorporating a slip-ring motor is very much 
smaller, and this is one of the main advantages of this 
type of drive, for which a wide range of control equip- 
ment, e.g., switchgear, starters, and speed controllers, is 
available from many manufacturers. 


Drives Employing Eddy-Current Clutches 


The varying-slip principle is often applied to an 
auxiliary device rather than to the prime mover. A system 
of permanent magnets may be carried on a spider and 
rotated near a conducting disc. Such a system is simply 
an induction motor in which the rotating field is produced 
by actual rotating magnets, instead of a set of static coils 
fed from a polyphase a.c. supply. Moreover, if the per- 
manent magnets are replaced by electromagnets fed with 
direct current via slip-rings, variation in exciting current 
is equivalent to variation in supply voltage to a conven- 
tional induction motor, with a resulting variation in torque 
for a given slip. Such a variation is thus obtained by 
means of a simple control circuit which lends itself readily 
to remote electronic control. 

In the application of such a system to a variable- 
speed drive, either the magnet system or the disc is driven 
by a standard constant-speed induction motor, the other 
member being then connected to the load. The main 
drive motor works at constant power, speed, power 
factor, and efficiency, provided that load torque is con- 
stant. The variable load speed is obtained simply by 
throwing away the extra power in the disc, and the 
efficiency of the clutch is always (1 —o), as is the case with 
any induction device. The speed range is limited by the 
heat which can be dissipated in the disc. 
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Fig. 10.  Liquid-cooled “4 
i Dynamatic ” eddy-curre coupling. 
(1) Bearing cap. 
(2) Anti-friction beari 
©: { (3) End cover. 
(4) Armature assembi, 
(5) Seals. 
(6) Field as-embly. 
(7) Field coil. 
(8) Centre casing. 
(9) Slip-rings. 
y (10) Brush assembly. 
\ M (11) Governor generati. 
x (12) Pulley drive to generator, 


(13) Liquid inlet nozzle. 
(14) Bulb for liquid-; roportioning 
valve. 
J OUTPUT (15) Main outlet. 


(16) Liquid temperature switch, 
(17) Air-gap inspection port. 











(Courtesy of Heenan & Froude Ltd) 


ing its basic constructional features, is given in 
Fig. 10. 

Another example of this type of drive is the 
** Ajusto-Spede ” (Fig. 11), manufactured in 
the U.S.A. by the Louis Allis Co. — The drive 
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Practical forms of eddy-current clutch often replace 
the disc by a cylinder containing the rotating magnets. 
Thus, in the ‘“ Heenan-Dynamatic’”’ coupling, manu- 
factured in the U.K. by Heenan & Froude Limited, the 
magnetic drag is obtained by providing one member with 
two rows of specially formed teeth, between which is 
wound a coil. Excitation of this coil by direct current 
sets up magnetic drag as soon as there is any rotation of 
one member relative to the other. By varying the amount 
of excitation, weak or strong drags can be created, output 
speed being regulated by control of excitation and drag. 
These couplings are normally excited by means of an 
electronic rectifier unit, the alternating current being 
rectified by the use of grid-controlled thyratrons, from 
which the d.c. output is modulated by means of the out- 
put from a small governor generator driven by the coup- 
ling output shaft. The output of this governor, the voltage 
of which varies directly with speed, is fed by a transformer 
and a separate metal rectifier to the grid of the main 
rectifier valve. ** Heenan-Dynamatic ” couplings may be 
supplied either as air- or liquid-cooled units, water usu- 
ally being employed in the latter case. As a result, larger 
powers can be accommodated, and a very large speed 
range is available. The complete range of air- and liquid- 
cooled couplings covers powers between | and 1000 hp. 
A cross-section through a liquid-cooled coupling, show- 


motor and air-cooled clutch are built into a 
single unit which also incorporates a second 
eddy-current device for use as a brake. Drives 
of this type are available from ? up to 75 hp. 

A somewhat similar type of drive, with air or water 
cooling, is produced in the U.S.A. by the Westinghouse 
Electric Corporation, and in France by Elco (the air- 
cooled ‘* Elcotron ’’). 
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Methods of Changing the Synchronous Speed 

of Induction Motors 
(a) Pole-Changing Motors 

A truly variable-speed induction motor is a motor in 
which the synchronous speed is variable. The synchro- 
nous speed expressed as a linear velocity is given by twice 
the pole pitch multiplied by the supply frequency. Pole 
pitch and frequency are therefore the only quantities 
which can be used to vary @;. The variation of each of 
these two quantities gives rise to the classes of machine 
shown as (a) (b), and (d) (e) respectively in Fig. |. 

Until recently, the only method of varying pole pitch 
in an induction motor was to employ a pole-changing 
winding. Such a machine has a stator winding arranged 
in such a way that, by means of switches, the stator coils 
can be re-arranged so as to change the number of poles in 
the machine. For example, a machine may be wound 
with two completely independent windings, one produc- 
ing a six-pole rotating field and the other an eight-pole 





Fig. 11. 
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Exploded view of the **Ajusto-Sjede"’ drive, using an eddy-current clutch. (Courtesy of The Louis Allis Co.) 
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rotating field. On a 50-cps supply, such windings give 
synchronous speeds of 1000 and 750 rpm respectively, and 
the rotor would normally be a squirrel-cage, so that its 
operation is unaffected by pole numbers. Such machines 
are uneconomical insofar as the stator slots must be large 
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design of pole-changing machines, A.C. DRIVES 
the depth of iron behind the stator 
slots must be chosen to limit the maximum flux density 
in any condition to a reasonable value. The result is that 


the design of a pole-changing motor involves the sacrifice 
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of operating characteristics at 
2 one speed or the other, and often 
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© drive 
into a enough to accommodate two sets of coils, only one of 


which is being used, and the resulting machine must 


second 

Drives therefore have a lower power/weight ratio than either a 
p. standard six-pole or eight-pole machine. 

water The most common arrangement for a pole-changing 
shouse winding, however, uses the whole of the stator winding 
1e air- connected in one or other of two ways, as shown dia- 


grammatically in Fig. 12, in which for the sake of clarity 
only one phase is shown connected. Operation of the 
change-over switch S converts the stator from a two-pole 
eed winding (Fig. 12a) to a four-pole winding (Fig. 12b). 
Clearly, other 2:1 pole-changing windings can be designed 





in this way. 

Although Fig. 12 shows a parallel connection of stator 
tor in coils, series connection is also practicable, giving four 
chro- possible combinations. Other arrangements are feasible, 
twice depending on whether the winding is star- or delta- 
Pole connected. Connections can be chosen to give constant 
itities horse power, constant torque, or even a more rapidly 
ch of falling output-speed characteristic. For example, a low- 
chine speed, series, delta-connected system changing to a high- 

speed, parallel, star-connected system gives approxi- 
pitch mately constant torque. This system is illustrated in 
nging Fig. 13. Similarly, with the coils (a), (6), and (c) in Fig. 13, 
inged it is possible to produce a high-speed, series delta- 
coils connected system or alternatively a low-speed, parallel, 
les in Sstar-connected system. In this case, the arrangement is 
ound virtually a constant-power system. 
yduc- Fig. 12 shows that the flux is redistributed in the yoke 
-pole of the machine as a result of the pole change, and, in the 
R 
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‘ig. 13. Pole-changing winding for constant torque. 
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Fig. 12. Arrangement of coils for a simple 2:1 pole-changing winding. 


a compromise is adopted. sacri- 
ficing a little at both speeds. The 
efficiency and power factor at the 
lower speed will generally (as with 
all a.c. machines) be lower than 
those associated with the larger 
pole pitch. During the past few 
years important development 
work has resulted in a 3:1 pole- 
changing machine which makes 
economical use of winding 
space?. This type of winding 
increases the range and scope 
of pole-changing windings con- 
siderably. 

Whilst the 2:1 or 3:1 change can be effected fairly 
economically, machines having more than two speeds as 
the result of purely pole-changing windings are not so 
common, as they introduce problems in winding space. 
Additional speeds are obtainable if two pole-changing 
motors are run as a Set, coupled both electrically and 
mechanically ; in fact, a number of speeds is obtainable 
without pole changing at all. It can be argued that this 
system therefore falls into class (e) in Fig. 1, and not 
class (a). Such a system is known as cascading and is 
illustrated in Fig. 14, in which motor M,; is a slip-ring 
motor supplied from the mains, and motor M¢ is supplied 
from the slip-rings of motor M:, the two motors being 
approximately of the same size. 
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Fig. 14. Cascade connection for induction motors. 


At standstill, the effective resistance of motor Me is 
small, and the machine includes only a low impedance in 
the rotor circuit of motor M,, allowing the latter to 
develop torque. As the set accelerates, the slip of Mi 
decreases, the frequency supplied to M2 decreases, and the 
coupled rotors first reach the vicinity of the syn- 
chronous speed of Me. If the rotors are travelling 
at the synchronous speed of Me, the latter appears as 
a very high impedance across the slip-rings of Mi and 
prevents rotor current from flowing in M,. It is as if, 
in fact, the rotor circuits of Mi were opened, so that 
neither machine can produce torque. The set must there- 
fore run somewhat more slowly than this speed, and it can 
be shown that the motors share the load almost equally. 

If motor M; has two poles and Mz has four, three 
different speeds with a frequency of 50 cps can be ob- 
tained, i.e., 3000 rpm, if motor M; is run alone with the 
stator of Me short-circuited ; 1500 rpm, if motor Me is 
run alone by switching the mains supply to the stator of 
Mz; and 1000 rpm, if the motors are run in cascade. If 
both motors carry pole-changing windings, the number 
of possible speeds can be considerably increased by a 
suitable choice of pole numbers. 
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Fig. 15. Stator winding of a pole-changing induction motor for 


2500/2500 kW, 5000 V, 250/333 rpm. 
(Courtesy of AEG) 
Pole-changing motors of 2, 3, and 4 speeds are manu- 
factured in a wide range of sizes, including very large 
models, such as that illustrated in Fig. 15. 




























(b) Continuously Variable Pole-Pitch Motors 

At the same time as the 3:1 pole-changing motor was 
being developed, a new principle was discovered, enabling 
continuous variation in pole pitch to be effected®. The 
new principle may be stated simply as follows :—If the 
rotor of an induction motor is constrained to move so 
that its surface velocity makes an angle @ with the direc- 
tion of motion of the stator field, the rotor will be 
accelerated towards the speed ys/cos@, where vs is the 
linear field velocity. In terms of the disc machine shown 
in Fig. 16, the principle may be exploited by rotating the 
stator block from the position shown in Fig. 16a, to that 
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DISC 
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Fig. 16. Principle of continuously variable pole pitch. 
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Fig. 17. Increase of pole pitch by an angled field. 
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shown in Fig. 16b to increase the speed. Fig 
trates how the increase in 6 produces effective i 





ease in 
pole pitch. A rotor moving along the direct’ 1 4B js 
under the influence of pole pitch PQ. If the rot. . is con. 
strained to move parallel to CD, it experienc; a pole 





pitch PR, where PR = PQ/cos 0. 
DIRECTION OF .OTION 





Fig. 18. Form of construction of a spherical motor. 


To make better use of the materials in this type of 
machine, it has been found preferable to construct the 
rotor as part of a sphere 4-5, so that the stator blocks 
can be suitably orientated relatively to the rotor whilst 
maintaining constant air-gap. The form of construction 
is illustrated in Fig. 18, and a prototype machiae in 


Fig. 19. The rotors of spherical motors must be 





, ja R 

Fig. 19. Prototype spherical motor. 
capable of conduction in all directions in sensibly the 
same manner as a conducting sheet, this being achieved 
in practice by using peripheral conducting rings in 
addition to the conventional cage bars. The mesh of 
rotor conductors can, in fact, be cast in the same manner 
as the rotors of conventional cylindrical machines, and 
experimental work has so far demonstrated that the 
power/weight ratio of such a motor may be higher than 
that of any other type of continuously variable-speed 
machine. Although, in theory, any desired speed range 
can be achieved, and in practice 5-5:1 has been realized, 
machines with a designed range of more than 3:1 are nol 
at present envisaged, although pole-changing windings 
may possibly be incorporated to extend this range. 

Spherical motors are virtually constant-power 
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machines, although present development work is being traction systems employing single- A.C. DRIVES 
carried Out with a view to the production of a more phase, series a.c. motors. An ee ee 
nearly constant-torque version. For reasonably high increase in frequency may be obtained by utilizing 
efficiency the spherical motor is essentially multipolar, the non-linear properties of saturated iron.  Sat- 
operating up to a maximum speed of 1000 rpm. The urated transformers can be connected in such a way 
advantages of the spherical motor are that a cast rotor, as to eliminate the fundamental frequency and to deliver, 
requiring no brushes or rubbing contacts, is used ; there as a triple-frequency output, the third harmonic voltage. 
is virtually constant efficiency over the speed range ; it is Such methods, however, are not generally used for driving 
inherently flameproof and robust ; and it has a high squirrel-cage induction motors, as they are limited to 
power/weight ratio. fixed speeds, although in special circumstances they can 
The cost of production is still under investigation, but be useful. For example, the triple-frequency method has 
it appears that it may be lower than that of most other bzen used to operate a 3-phase induction motor at over 
continuously variable-speed a.c. motors, and it seems 8000 rpm from a 50-cps supply for an application where 

that this new motor must now take its place in the table the use of commutators was forbidden. 
in Fig. 1 in a hitherto unoccupied group (5). The first Systems which are capable of producing a continu- 
commercially produced motor of this type is illustrated in ously variable supply frequency over a considerable range 
Fig. 20. fall into two classes, i.e., (a) the commutator class, and 
aoe (b) the induction frequency-changer class. In all cases 
where a commutator is used it is invariably the practice 
to fit the frequency changer to the motor to be supplied, 
and as such the machine falls under group (d) in Fig. 1. 
This section is not concerned with commutator motors, 
and therefore only the induction type of frequency 

changer is now considered. 

The induction frequency changer is nothing more 
De of ' than an ordinary wound-rotor, slip-ring induction motor 
= which can be driven mechanically by a variable-speed 


t the : 7; : Pe age 
locks unit. The stator of the induction machine is connected to 
vhilst the main supply, and the slip-rings are connected to the 
ction squirrel-cage motor whose speed is to be varied, the 
in system being illustrated in Fig. 21. The variable-speed 
t be unit need not be an electric motor at all. It is clear that 


such a system does not solve the problems of variable 
ae speed, but merely shifts the responsibility onto another 
Fig. 20. First commercially produced — motor with continuous oa 1.e., = bry a = = pie otha 
eee ee eee tee oe nee : this system, therefore, lie primarily in that the final drive 
(Courtesy of Metropolitan-Vickers Electrical Co. Ltd.) motor is a brushless machine with all its attendant ad- 
A second type of continuously variable pole-pitch vantages over commutator machines, and, although a 
motor is also under investigation at the present time.° commutator motor may be used to drive the frequency 
This machine also exploits the principle of the angled changer, it may be situated, as distinct from the final 
field, bui variation of 6 is effected by means of a phase- drive motor, in a locality where commutators are not 
shifting regulator. This obviates the necessity for the prohibited. A further advantage is that a number of 
spherical shape, but introduces extra equipment in the motors can be driven from the one frequency changer, so 
form of the phase-shifter. This motor is still in a very that the speed of all the motors can be controlled 
early stage of development, but it is possible that it may simultaneously. If the variable-speed unit used to drive 
provide continuously variable speed in the range between the frequency changer is an a.c. commutator motor, some 
1000 and 3000 rpm on a 50-cps mains supply. Incident- economy in equipment can be effected by designing the 
ally, an interesting analogy to this type of motor is that set so that the stator field of this motor and that of the 
operated by supplying movable brushes directly induction frequency changer are one and the same. 
or by supplying fixed brushes via (ws- 0) fs 
a phase-shifting regulator. fs 
All variable pole-pitch | | 
machines can exploit fully the 2. 
principle of regenerative brak- VARIABLE - Yas INDUCTION — 
ing already discussed, and any SPEED ( FREQUENCY MOTOR [3 
. . ° UNIT CHANGER 
reduction in required speed re- 
sults in a period of deceleration 
in which the excess kinetic 
energy of both rotor and load is reconverted into elec- Fig. 21 shows how speed regulation occurs in this type 
trical energy and returned to the supply. of drive as the result of two distinct processes. If the fre- 
(©) Squirrel-c " iii ieaiibid quency (@; — w)fs supplied to the squirrel-cage motor is 
ac age Motors with Variable Supply maintained constant as the machine is loaded, speed regu- 
Y lation is given simply by the slip o of the squirrel-cage 
There are several methods of changing electrical a.c. motor ; the greater the load, the greater is the slip. How- 
power fr »m One frequency to another. If a fixed frequency ever, the greater the slip, the lower will be the equivalent 
change is required, it may be effected, for example, by a impedance of the motor and the greater the current taken 
Pair of Ictcury-are converters working back-to-back to from the slip-rings of the frequency changer. Suppose 
8IVé a 3°” step-down ; such an arrangement is used in that the speed of the rotor of the frequency changer is 
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Fig. 21. Variable-frequency supply to a squirrel-cage motor with an induction frequency changer. 
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Typical ‘‘ Speedmaster” unit with control cubicle and 
induction regulator. 
(Courtesy of Laurence, Scott & Electromotors Ltd.) 


Fig. 22. 


and that it has p pairs of poles, so that a; = f./p and 
@s>@. As more and more current is taken from the slip- 
rings the frequency changer tends more and more towards 
becoming a normal induction motor with a short-cir- 
cuited rotor which attempts to run at a speed of ws. Thus, 
the frequency changer tends to speed up towards as, 
delivering a lower frequency to the squirrel-cage motor 
and lowering in turn the synchronous speed. If a numter 
of motors is being driven from one frequency changer, 
excessive load on one motor will therefore tend to lower 
the speed of all the others to a lesser degree. 





Fig. 23. Example of the use of a ““Speedmaster’’ unit for the control of a 
large number of floating-type slave motors on a run-out table in an 
aluminium strip n ill. 

(Courtesy of Laurence, Scott & Electromotors Ltd.) 
To some extent, the criterion relating efficiency with 
pole pitch is eased in this type of drive. For a given speed, 
the pole pitch and frequency are inversely 
proportional to one another, whereas the 
rotor time-constant is proportional to the 
square of the pole pitch. Thus, if the criterion 
tf be taken as a measure of performance, then 
the bigger the pole pitch, the better will be the 
performance, i.e., tf is proportional to p. 
Although cascaded induction motors 
were described in the section on_pole- 
changing windings, they really belong to the 
class of motors at present under discussion, 
since the motor M; in Fig. 14 acts as a 
frequency changer for the motor M2 and at 
the same time provides some of the mech- 
anical power output. The system shown in 
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Fig. 21, when arranged with a combined moto ind fre. 
quency-changing machine, is, in effect, an ex: sion of 
the cascade system to continuously variable sp d 

One of the best-known commercial exam; ‘5 of an 
induction frequency changer driving a sqi ‘el-cage 
motor is the “ Speedmaster” produced by | jurence. 
Scott & Electromotors Ltd. The variable-speed otor in 
this set is effectively an “ N-S” type of co: mutator 


motor (to be described later), also manufactur by this 
firm. The system is made more compact, as shown in 
Fig. 22, by combining the drive motor and frequency 
changer into a single machine with a common stator 
winding. The rotor carries a commutator at onc end ard 
slip-rings at the other. This machine is therefore a self. 
propelled frequency changer which can be used to drive 
airy number of “slave” brushless induction motors. 
Fig. 23 shows an example of the use of a ** Speedmaster ” 
unit for control of a large number of slave motors 
operating over a frequency range of 8 to 37 cps. If exact 
synchronism is required for all the <live motors, syn- 
chronous motors may be used in place of the squirrel- 
cage motors. 

An interesting application in which a frequency 
changer is a’most indispensable is provided by an A.E.G. 
motor capable of speed variations between 6000 and 
60,000 rpm, this top-speed requirement demanding a 
solid robust rotor. The motor is driven by a high- 
frequency generator capab’e of delivering a maximum 
fr>quency of 1000 cps, and the generator is driven by a 
Ward-Leonard set which, in turn, is driven by a 3-phase, 
50-cps induction motor. The requirements of this project 
thus result in the use of no less than six machines. 


Polyphase Commutctor Systems 


Once the properties of a commutator are fully under- 
stood, the action of a polyphase commutator motor can 
be explained fairly simply in terms of induction-motor 
theory. Although ring windings are very primitive and 
are now used in hardly anything but demonstration 
equipment, diagrams of commutator motors are perhaps 
easiest to understand in terms of ring windings. The 
diagrams in Fig. 24 represent the ring-wound rotors of 
two machines. In Fig. 24a, the winding is tapped at many 
points and is connected to commutator segments, three 
brushes, spaced 120 deg. apart, making contact with the 
commutator. In Fig. 24b, the winding is tapped at only 
three points which are connected to three slip-rings. 
Fig. 24b thus represents a delta-connected rotor of a 
normal slip-ring induction motor. 

When each rotor is at rest the two types are indis- 
tinguishable, each producing a rotating field of angular 
speed ws = f,/p. If the rotor shown in Fig. 24a is now 





Fig. 24. Commutator and non-commutator types of rotors. 
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rotated at a speed @, the commutator ensures that the 
xphase supply is always led in at the same three points 
relative to the frame of the machine, i.e., relative to the 
brushes. The speed of the field in space is therefore un- 
altered, but the rate at which the winding cuts its own 
field is changed. As the rotor is accelerated from rest, the 
relative velocity between field and winding is reduced, 
being, in fact, @s —@. The self-induced e.m.f. is therefore 
proportionately reduced, and the inductive reactance per 
phase is reduced from a value ¥; at standstill to oXs at a 
slip o. At @ = @s the input impedance of the rotor con- 
sists simply of the winding resistance. For @ ~~ @s the 
winding cuts the field it produces in the opposite sense, 
giving rise to an oppositely phased induced e.m.f., and 
the input inductive reactance is negative, i.e., the rotor 
displays the properties of a condenser and resistance in 
series. 

In the rotor shown in Fig. 24, the 3-phase supply is 
effectively connected permanently to the winding. If the 
winding is rotated at a speed o, the field in space rotates 
at @; + @ if the rotation is in the same direction as the 
field, or ©; —@ if in the opposite direction. 

The operation of each system when the windings are 
cut by externally produced fields can now be deduced. 
Since the rotor in Fig. 24a always produces a field 
rotating in space at a speed @s, irrespective of the rotor 
speed, it follows that, if a field of speed ws is generated 
by some external stator winding, the frequency appearing 
at the brushes will be fs and independent of the rotor 
speed, even though the frequency induced in the winding 
itself is (Ws+)p, i.e., ofs In the case of Fig. 24b, the 
frequency ofs induced in the winding is simply trans- 
mitted directly to the brushes. The properties of these two 
types of winding are summarized in Table I. 


TABLE I: PROPERTIES OF COMMUTATOR AND NON-COMMUTATOR 
Types OF Rotors 


| Winding as in | Winding as in 





| Fig. 241 Fig. 24b 

Speed of field in space produced | | 

bv a frequency f, applied to the | | 

brushes .. we be oe I o Ost 
Rate at which the winding cuts its 

own field oe BE es sto | @ 
Reactance of the winding as | 

measured at the brushes a oX, Xs 
Frequency induced in the winding | | 

by an external field of speed w, ofs | of. 
Frequency appearing at the brushes 

due to a field of speed w ; = Sz of: 


It is a property of commutators that the frequency 
which appears at the brushes is a measure only of the 
relative velocity between the field and the brushes and is 
independent of the velocity of the rotor winding. 

In a slip-ring induction motor, the leads from the slip- 
rings simply carry away power to the external resistance, 
and there is no reason why eq. (1) should not read 


rotor power extracted 
rotor input 


If the extracted power can be fed back to the supply, 
efficient speed control can be achieved. The reason why 
direct connection between slip-rings and main supply is 
not possible is that rotor current is at slip frequency. One 
of the earliest schemes for spzed control by means of a 
commutator was the Leblanc exciter, in which the rotor 
of an a:ixiliary machine was coupled to the induction- 
motor <iaft. The rotor of the auxiliary machine was 
wound »ccording to Fig. 24a and the brushes were con- 
nected |» the slip-rings of the induction motor. The rotor 
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of the auxiliary machine was also A.C. DRIVES 
tapped at three points and con- 
nected to slip-rings, as in Fig. 24b, the slip-rings 
being connected to the mains through a variable-tapping 
transformer. The auxiliary machine required no stator 
winding, its function being merely to convert the supply 
frequency supplied to the slip-rings of the motor to slip 
frequency at the brushes, and this it was always able to 
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Six 620-kW, 144-rpm, 3-phase motors with statorless phase 
advancers. 
(Courtesy of Brown, Boveri & Company Ltd.) 


Fig. 25. 


It is of interest here to note that a similar system can 
be used for the power-factor improvement of an induction 
motor. The impedance of the winding shown in Fig. 24b 
as measured across the slip rings is independent of the 
speed of the winding, since the latter always cuts its own 
field at synchronous speed. The impedance of the winding 
in Fig. 24a, however, changes with speed, since the rela- 
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Fig. 26. Kramer system of speed control. 
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Fig. 27. Kramer system of speed control using rotary converter. 
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Fig. 28. 1850-kW, 3000-V, 50-cps, 600-rpm rolling-mil! motor with 
a d.c. auxiliary motor, connected in Kramer cascade. 

(Courtesy of Brown, Boveri & Company Ltd.) 

tive velocity between field and winding is ows; (Table I). 
At synchronous speed the winding is purely resistive as 
measured at the brushes. For speeds in excess of syn- 
chronism the effective reactance becomes negative. This 
principle is applied to the phase advancer, as follows: 
The slip-rings of an induction motor are connected to the 
brushes of an auxiliary machine carrying a rotor winding 
of the type shown in Fig. 24a. The synchronous speed of 
the field in space in the auxiliary machine is therefore the 


The frequency at the brushes is thus ofs, wh: i can be 
fed back to the slip-rings of the main motor. 7° > Voltage 
across the brushes of the auxiliary is varied b) :neans of 
the tapped transformer in the stator circuit. 1 ‘5 system 
effectively extracts power from the rotor circ ‘ts of the 
main motor and converts it to useful drive, th auxiliary 
motor sharing in the mechanical load. , 

The system shown in Fig. 27 makes the actic:» perhaps 


a little more obvious in that the rotor energy extracted is 
converted to direct current by means of a rotary con. 
verter and then used to assist in driving the load by feed- 
ing it to a d.c. motor on the same shaft. Speed regulation 
is effected by means of the d.c. motor field rheostat. 
When the field current is altered, the d.c. voltages of both 
d.c. motor and rotary converter are changed, and hence 
the a.c. voltage of the latter, since a.c. and d.c. voltages 
have a fixed ratio in a rotary converter. The arrangement 
is suitable for a wide speed range. 

Fig. 28 shows a Kraémer set with rotary converter, 
manufactured in Switzerland by Brown-Boveri & Co. 
Ltd., for use in a rolling mill. 


The Scherbius System 


The Scherbius system is illustrated in Fig. 29, in which 
the auxiliary commutator machine in this case is separ- 
ately driven by an auxiliary induction motor. This is 
advantageous in that the commutating machine may be 
designed to run at a particular speed which is more or less 
independent of the main motor speed. 





slip speed of the induction motor. It is only 





necessary to drive the auxiliary motor a little 


al 


WH 





faster than this speed in the same direction, > 
to make it act like a large condenser in 
series with the rotor of the induction motor 
and to improve the power factor of the 
latter. 

The stator of the auxiliary machine 
carries no winding. In fact, the rotor can be 
designed in such a manner as to complete 
the magnetic circuit without a stator at all. 
The relative size of main drive motor and 
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phase advancer is illustrated by the example 
in Fig. 25, which shows six Brown Boveri 
3-phase motors with statorless phase 
advancers. 

All commutator speed-control systems 
depend in principle on the modified form ef 
eq. (1), ie., that the rotor power is the 
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net result of power radiated across the 
air-gap by direct induction-motor action and of the 
power conveyed to or from the rotor by electrical contact 
through brushes. Clearly, such machines can run above, 
as well as below, synchronous speed, since, when power is 
being added to the rotor by the conduction device, the 
slip becomes negative, and the final form of eq. (1) is 
therefore 

rotor power extracted or injected 


rotor input 


Many forms of speed-control device are based on this 
principle. 


The Kramer System 

Two forms of the Kramer system are illustrated in 
Figs. 26 and 27. In Fig. 26, the stator of the auxiliary 
machine is fed from the slip-rings of the main motor, the 
speed of the field of the auxiliary being therefore ows. 
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Fig. 29. 

The action of the system is similar to that of the 
Kramer system shown in Fig. 26, except that the power 
extracted from the rotor can be fed back as electrical 
power to the mains by means of the auxiliary induction 
machine, which acts as a generator if the speed of the 
main motor is less than synchronism. 

The capacity of the auxiliary machine is dependent 
on the desired speed range, since it is the mechanism of 
feedback of surplus energy. The greater the speed range 
the greater will be the required capacity of auxiliary 
machines. The speed range can be doubled by running 
the main motor both above and below synchronism, but 
the arrangement shown in Fig. 29 will not provide syn- 
chronous running, since the slip e.m.f. then becomes zero. 
Separate excitation is therefore required in this region, 
and this is provided by means of a Leblanc exciter driven 
from the main motor shaft and connected to the com- 
mutator machine field. 


Scherbius system of speed control. 
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Fig. 30. Rotor of a 48-pole motor for a pilgrim mill. 
(Courtesy of Brown, Boveri & Company Ltd.) 


Power-factor correction is possible by altering the 
phase of the e.m.f. applied to the main-motor slip-rings. 


‘This may be achieved either at the cost of auxiliary wind- 


ings on the regulating transformers, which may be con- 
nected in series with a different phase, or by insertion of a 
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Basic circuit of a shunt commutator motor. 


Fig. 31. 


resistance into the control circuit ata A.C. DRIVES 
cost of lower efficiency. A power ~~ ~~ 
factor of about unity may be obtained over most of the 
speed range, except in the vicinity of synchronous speed. 

Motors for rolling mills are almost invariably slow- 
speed multi-pole motors, which therefore tend to be of 
large diameter. Fig. 30 shows the rotor of the main 
induction motor of a Scherbius set, made in Switzerland 
by Brown, Boveri & Co. Ltd., with 48 poles and a syn- 
chronous speed of 125 rpm. Similar machines may have 
as many as 108 poles. 


Polyphase Commutator Motors 

All the systems so far described have involved the 
supply of slip-frequency current to the slip-rings of an 
induction motor, and as such are included under group (e) 
in Fig. 1. The rotor shown in Fig. 24a, however, indicates 
that an alternative approach to the energy injection- 
extraction principle is possible, since the rotating field of 
an induction motor inducing e.m.f. into the rotor winding 
will always result in the stator supply frequency appearing 
at the brushes, and therefore rotor power injection or 
extraction is possible directly by a static voltage regulator. 
Such machines are included in group (d) in Fig. 1, the 
commutator being on the drive motor itself. The basic 
circuit of a shunt commutator motor is shown in Fig. 31. 









































Fig. 32. Basic circuit of a series commutator motor. 
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Fig. 33. 
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the phase of the brush e.m.f. relative 
to the respective phases of the supply. 
This effect is exploited in the early 
brush-shifting type of commutator 
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Principle of the induction regulator. 
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motor, in which rotation of the brushes is used to change 
the amount of power extracted from or injected into the 
rotor circuit via the commutator. 

A similar effect can be achieved if the brushes are 
maintained in a fixed position, but supplied by a phase- 
shifting transformer, in place of the conventional trans- 
former shown in Fig. 31. A phase-shifting transformer is 
basically an induction motor with a locked rotor, the 
position of the rotor, however, being variable relative to 
the stator over a range of something less than 360 deg. 
The supply from the rotor is taken out by flexible leads, 
and the rotor may be controlled by a worm drive to pre- 
vent its rotation as the result of normal induction 
motor torque. 


produced by connecting the primary of the 
transformer in series with the stator winding, 
as shown in Fig. 32. 

In more modern machines an induction 
voltage regulator is used to vary the magni- 
tude of the voltage supplied to fixed brushes. 
The principle of the induction regulator is 


- 





SWITCHGEAR 
PANEL 





reverse 4/ 2 times as much current as the d.c. co 


nutator, 
because of the relationship between peak «= d rms. 
values. 
(a) The N-S Motor 

In this modern commutator motor, manu! ctured in 
the U.K. by Laurence, Scott & Electromoi rs Ltd, 
power factor is improved by means of a cori ensating 
quadrature winding which injects a voltage into the rotor 


circuit, leading the voltage at the commutator by 90 deg. 
The source of this voltage is either an additional winding 
on the stator of the motor or a separate transformer fed 
from the supply. 


A ‘ oe: SUPPLY 
A motor with series characteristics may be ‘oe 


a | 
(con onal 


' Fig. 35. Schematic diagram of N-S motor 
teats with double induction regulator, 
(Courtesy of Laurence, Scott & Electro. 
motors Ltd.) 








shown in Fig. 33a, where the secondary of a 
phase-shifting transformer is connected in 
series with the supply to the load (in the case 
of commutator motors, the rotor brushes). 
The vector diagram in Fig. 33b shows that the 
voltage supplied to the load can be varied 
between V;—V and V;+V, but that at 
intermediate settings the phase of the applied 
voltage will also be affected to an extent 
depending on the relative values of 
Vs and V. 

If nothing more than a simple induction 
regulator were used, the commutator motor 
would tend to have a low power factor, and 
commutation would be poor, resulting in 
sparking, with associated brush wear and 
burning of the commutator. Commutation 
in a.c. machines is generally a much greater 
problem than in d.c. machines. In the 
latter, only a current-reversing e.m.f. is 
necessary to ensure good commutation, and this can be 
supplied by using interpoles. In the a.c. machine there is 
the additional complication of transformer e.m.f. induced 
in the rotor coils, which, at the instant of commutation, 
are short-circuited by the brush. Interpoles are ineffective 
in a.c. machines because the phase of the e.m.f. they can 
produce is in quadrature with the e.m.f. which it is desired 
to neutralize, and therefore the two can never cancel. A 
further point to remember is that, for a given effective 
rotor current, the a.c. commutator is required at worst to 
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Commuiation is improved by the use of a further 
auxiliary winding in the rotor. The disposition of this 
winding with respect to the main winding is shown in 
Fig. 34. The auxiliary winding is so arranged that the 
voltage induced in it by the main field is equal to that 
induced in the main winding connected to the same 
commutator segments, so that no equalizing currents 
flow. The auxiliary winding is effectively a set of built-in 
transformers which enable the energy which would other- 
wise produce a spark to be transferred to another part of 
the main winding. The auxiliary 
winding also tends to reduce the 
transformer-induced voltage be- 
tween neighbouring commutator 
segments. 
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Since rotation of the brushes 
produces effective phase shift 
between rotor-induced e.m.f. and 
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externally applied e.m.f., there 
must be a correct position for the 
simple arithmetical addition of 
subtraction of these voltages. 


wines énieten Furthermore, when the external 
-—J voltage is zero, the rotor Is 
i -circuited, and 
Fig. 34. Arrangement of commutating winding in a N-S motor. effectively short-circt oe ae 
(Courtesy of Laurence, Scott & Electromotors Ltd.) the brush position has n 
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Fig. 36. Typical speed-torque curves for a N-S motor at various 
regulator settings. 

(Courtesy of Laurence, Scott & Electromotors Ltd.) 
effect. To produce speeds in excess of synchronism 
requires a voltage of opposite polarity to that required for 
sub-synchronous running, and this 180-deg. phase shift 
must be provided for externally, if the necessity for rotat- 
ing the brushes through 180 deg. as the machine passes 
through synchronous speed is to be avoided. In the N-S 
motor this is achieved by means of a double induction 
regulator, the complete circuit of the motor being shown 
in Fig. 35. This type of motor has been supplied for 
speed ranges up to 50:1 and normally has constant torque 
with shunt characteristics, although a series arrangement 
can be designed. Power output can be as high as 1000 hp 
for a 2:1 speed range. Speed-torque curves over a 3:1 


speed range are shown in Fig. 36. 





Fig. 37. Vertical-svindle, drip-proof N-S motor with a pilot-motor- 
operated air-cooled induction regulator. 
(Courtesy of Laurence, Scott & Electromotors Ltd.) 
The induction regulator is usually of the air-cooled 
type for small and medium-size motors, or of the oil- 
immersed type for larger motors or for use where the 
atmospheric conditions are unsuitable for forced-air- 
cooled regulators and above the size for which totally en- 
closed air-cooled regulators may be used. These regu- 
lators may be arranged for handwheel or pilot-motor 
Operation, or for direct drive from any suitable type of 
automatic regulator. A vertical-spindle, drip-proof N-S 
Motor with a pilot-motor-operated air-cooled induc- 
tion reg:ilator is shown in Fig. 37. 


(b) The Schrage Motor 


The “chrage motor is an example of the modern type 
of brus: -shifting polyphase commutator motor which 
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also aims at combined speed and A.C. DRIVES 
power-factor control. Most electrical) “———— 
machines will operate quite well if their stator 
and rotor members are interchanged, although 
there is genera ly a preferred arrangement. For example, 
a d.c. machine with a rotating field system would require 
both slip-rings and a commutator, as well as rotatable 
brushes, but it would nevertheless operate quite well. 
In the case of a squirrel-cage induction motor, the obvious 
choice is to feed in the supply to the stator, leaving the 
self-contained rotor to move without requiring any 
brushes. In a wound-rotor induction motor with slip- 
rings which are in continuous operation, there is little to 
choose ; in the case of the Schrage motor it is certainly 
more convenient to supply what would normally be the 
stator or primary winding of the motor through slip-rings, 
and this winding is housed in the rotor slots. The same 
slots contain a second winding, which is of the d.c. lap 
type, connected to a commutator. The rotor of the 
Schrage motor thus comprises both a winding of the type 
shown in Fig. 24a and one of the type shown in Fig. 24b. 
Since each end of each phase of the stator is connected to 
a brush, making six in all, they are generally referred to as 
** half-brushes ”’. Nos. 1, 3, and 5 (Fig. 38) are connected 
STATOR 
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Fig. 38. Schematic diagram of a Schrage motor. 

to a rocker, whilst Nos. 2, 4, and 6 are connected to a 
second rocker, not in the same plane. The rockers are 
arranged to rotate so as to move the half-brushes apart or 
together in pairs, keeping the axes of the pairs of half- 
brushes in the positions shown by the dotted lines. The 
half-brushes can be moved together, until any pair lie 
on the same segment (Fig. 39b) and subsequently crossed 
over and moved apart, as shown in Fig. 39c. 

When the half-brushes are lying in pairs on the same 
segments, the stator windings are short-circuited through 
the brushes. The lap winding plays no part in the action 


Bh Sloe Hh 


Fig. 39. Brush positions in a Schrage motor, showing (a) half- 
brushes in the sub-synchrono4s position, (b) stator short-circuited, and 
(c) half-brushes in the hyper-synchronous position. 
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Fig. 40. Curves showing efficiency of an 80/27-hp Schrage motor at Fig. 41. Curves showing power factor of an 80/27-hp Schrage motor at 
various speeds. various speeds. 

(Courtesy of Metropolitan-Vickers Electrical Co. Ltd.) (Courtesy of Metropolitan-Vickers Electrical Co. Ltd.) 
of the motor in this condition and the machine runs as an limited by the current density in the brushes. The problem 
inverted induction motor, at a small slip when on load. of commutation, as in other a.c. commutator motors, is 

The primary-lap combination behaves like an ordinary twofold, i.e., that of the current-reversing e.m.f. and of 
transformer, which, however, is rotated at a speed @ ; the transformer e.m.f. The former is current-dependent, 
like an ordinary transformer, the secondary voltage can and the greater the departure from synchronous speed, 


be tapped by opening out the pairs of half-brushes, and the greater will be the current through the brushes. The 
the greater the brush spread the greater will be the voltage. 


Furthermore, because the speed of the field in space is 
@; + @, being produced by a winding of the type shown 
in Fig. 24b, and the half-brushes are stationary, the fre- 
quency at the brushes is (ws + @)p, i.e., ofs. The half- 
brushes can therefore be connected directly to the appro- 
priate stator windings, since these have induced e.m.f. of 
slip frequency through normal induction-motor action. 
The phase of the brush e.m.f., relative to the stator- 
induced e.m.f., depends on the position of the axes of the 
pairs of half-brushes. Although the power factor of the 
machine can be varied by moving the brush axes, a 
different axis is required for each speed setting, and it is 
usual in practice to fix the position of the axes at some 
advantageous position (e.g., the position which gives a 
power factor of unity at peak speed and output), and 





simply to alter the brush spread by means of the rockers Fig. 42. Schrage motor with forced yentilation, equipped with pilot- 
motor-operated brushgear. 
to control the speed. (Courtesy of Metropolitan-Vickers Electrical Co. Ltd.) 


The action of the rotor may be summarized by saying 
that the primary-lap combination, together with the six 
half-brushes, behaves like an extremely versatile trans- 
former in that it has (a) a variable turns ratio, (b) a 
variable frequency ratio, and (c) a variable phase relation- 
ship, primary to secondary. 

With the half-brushes in positions such as those shown Cee, 
in Fig. 39a, the motor runs at sub-synchronous speeds, as fi i. ea FWY - 
power is being extracted from the stator and returned to 7 gi ‘yin! i. 
the supply. With the half-brushes in the positions shown 
in Fig. 39c, power is being supplied to the stator through 
the brushes, in addition to that already being transferred 
inductively across the air-gap. 

The advantages of the Schrage motor are that it is 
self-contained and that it can have a power factor of 
unity, at one setting at least, with reasonably good power 
factor over most of the range. Like other commutator 
motors, it has regenerative braking. . 

There is a limiting factor to the size of Schrage motors. Fig..43. Schrage motor aac. Lag design, with motor-operated 
For a given speed range the maximum output per pole is eee (Courtesy of ASEA) 
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only possible methods of increasing output, once the cur- invariably involves increased cost and A.C. DRIVES 
rent has reached its maximum permissible value, is to low power/weight ratio. The Kramer)  ~ 
— increase the number of poles or to increase the number and Scherbius systems involve more than one 
ie of phases. The latter is usually impractical because of the machine, plus a quantity of auxiliary equipment. 
supply problem. There is a limit to the former, since an The N-S motor requires additional windings and a separ- 
| | increase in the number of poles, without an increase in ate induction regulator. The Schrage motor contains two 
+—{ frame size, results in lower power factor and efficiency, rotor windings (or three, if an auxiliary is used) and a 
| | apart from the natural reduction in synchronous speed. complicated brush rocker system, in addition to slip- 
4 Until recently, the maximum output per pair of poles was rings and brushes. 
Pe about 35 hp for a 3:1 speed range with a 50-cps supply; All commutator motors require wound rotors, and 
+ modern practice, however, is to use duplex windings to these are inevitably inferior to the solid rotor of the 
eey halve the current at the brushes, and an auxiliary winding squirrel-cage induction motor from many points of view. 
similarly disposed to that in the N-S motor to provide Insulation is required in the slots to withstand mechanical 
=a conneetion between the two halves of the duplex winding and electrical stress, and the resulting space factor is very 
and to reduce current reversal in a complete half of the uneconomical, as more than 40°, of the actual slot space 
& winding to current reversal in only a few coils. In this is rarely filled with conductor. The slot depth may itself 
B® way the maximum power output per pole has been demand a somewhat larger rotor than would otherwise 
4 doubled for a given speed range at the cost of the auxi- be required in small machines, and the cost of manu- 
|_| liary winding. Although Schrage motors can have a facture of a wound rotor and commutator is much greater 
| designed speed range of 10:1, they are not normally than that of a cast rotor. 
70 : 
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Fig. 44. Cut-away view of a Schrage motor. (Courtesy of Ateliers de Construction Electriques de Charleroi.) 
(1) Cooling fan; (2) double-wound rotor ; (3) bearing housing; (4) guard; (5) cast-iron frame; (6) speed- 
regulating control knob ; (7) stator poles ; (8) commutator ; (9) slip-rings ; (10) terminal box. 
chosen for more than a 4 : 1 variation. Typical efficiency Although it is claimed that commutation in the 
pilot- and power-factor curves are shown in Figs. 40 and 41. modern a.c. machine is as good as that in a d.c. machine, 
Ld) Schrage motors are undoubtedly the commonest a.c. this is no indication that brush wear, sparking, and com- 
commutator motors. Figs. 42 and 43 illustrate typical mutator maintenance are nil. There is no doubt that, if 
arrangements incorporating a small pilot motor to move commutators could be avoided, these last three considera- 
the brush rockers, this motor being situated, as shown, tions alone would rule them out, but for many applica- 
on top of the main motor. A similar type of equipment tions there is naturally no other alternative, obliging 
is produced by Siemens-Schuckert A.G., by Higgs Motors manufacturers of various commutator machines to com- 
Ltd., and by many other manufacturers throughout the pete in producing the best commutator motor for the 
world. In one design, produced in the U.K. by Reyrolle particular requirement, with the result that an improve- 
& Co. Ltd., the controller operated by the brushgear ment in any one quality generally leads to an increased 
motor is fitted with a preset speed device, which causes cost. The power/weight ratio of a commutator motor 
the motor to accelerate from standstill to any pre- may be judged in comparison with that of a squirrel-cage 
| determined speed when the start-button is operated. motor by reference to Fig. 44, which shows a Schrage 
Thereafter, speed is under the control of ‘ increase ” motor in section, the actual stator-core length being less 
and “ decrease ’ push-buttons. than 20°, of the overall length of the motor. 
Disadvantages of Commutator Motors Single-Phase Motors 
_The foregoing descriptions of commutator motors Although the performance of single-phase a.c. motors 
bring o:* one point above all others in discussing the is generally inferior to that of corresponding polyphase 
ated advantas°s and disadvantages of this method of speed motors, single-phase supply is often more readily avail- 
ile control, -¢., the complexity of the equipment, which able for domestic appliances. 
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The inherent properties of single-phase induction 
motors can be summarized as follows :— 

(a) Starting torque is zero, and the motor will not 
start from rest without an auxiliary winding (Fig. 
47), shaded poles (Fig. 48a), or purely mechanical 
means of imparting initial motion. 

(b) Once started, the motor will run in either direction, 
i.e., the torque is always in the same direction as 
the velocity. 

(c) Double-frequency components of both current and 
torque exist. 

(d) The running-light speed is somewhat less than the 
synchronous speed, depending on the shape of the 
characteristics. 

A feature of single-phase induction motors is that 
torque is always pulsating at a frequency double that of 
the supply, and speed-torque curves represent the mean 
level of the torque, ignoring these pulsations. Speed- 
torque curves of well-designed single-phase induction 
motors tend to have high peaks in the region of syn- 
chronous speed. The running-light speed w, is given by 


0, = @ VW1— (1/tw)2 ats ai << (6) 


where Tt is the coupled time-constant, as in eq. (5). 

Speed control in a polyphase slip-ring motor by inser- 
tion of rotor resistance has already been discussed and 
has been shown to be an inefficient method. In the case 
of single-phase induction motors, addition of rotor resist- 
ance has a further effect, over and above reduction in 
rotor efficiency, in that the available torque is greatly 
reduced. The conclusion must therefore be drawn that 
this is a poor method of speed control. 

The principle of the angled-field motor previously 
described, producing continuous variation in pole pitch, 
can also be applied to the single-phase machine. How- 
ever, the possibilities of this system are as yet unexplored, 
although experimental models have been made to operate 
quite successfully. It should be remembered that single- 
phase induction motors can never be as efficient as poly- 
phase motors of comparable size. 


(a) Single-Phase Commutatcr Motors 

The concept of two counter-rotating fields could be 
applied to single-phase commutator motors in an attempt 
to place them in group (d) in Fig. 1. A more useful and 
probably clearer method of explanation is to regard them 
as a special type of d.c. machine and to invent a rather 
fictitious group (f) into which they fit. 

Reversal of the field polarity of a d.c. motor reverses 
the direction of rotation. Reversal of armature polarity 
has the same effect. Reversal of both armature and field 
polarities, as is obtained, for example, by reversing supply 
connections to either a shunt or series motor, leaves the 
direction of rotation unchanged. It is therefore not sur- 
prising that a d.c. machine will run when connected to a 
supply of alternating current. To make a satisfactory 
single-phase a.c. motor, however, the design must be 
radically changed from that of a d.c. machine, one ob- 
vious difference being that the solid stator yoke of the d.c. 
machine must be replaced by laminated iron. The basic 
diagrams for d.c. machines, discussed later, indicate that 
the armature coil and field coils have axes at right angles 
to each other and therefore no mutual inductance. 
Application of an alternating voltage E (r.m.s.) to the 
shunt field of a d.c. machine designed for E volts results 
in a very small current indeed, because of the inductive 
reactance of the winding, which will be many times its 
resistance. This effect is so great that it prevents the 
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single-phase shunt a.c. motor from being an ecc 


nically 
sound proposition at normal power frequencies pre 
motors, the field carries the full line current and nce can 
be constructed with only a few turns. The rela: ely low 
inductance of the field winding can be tolerate’ in such 
machines, insofar as power factor is concerned. © ; for the 
rotor coil, the flux set up by the rotor, which gi. s rise to 


its inductance, is purely armature reaction flux and can 
thus be cancelled by a compensating winding w::0se axis 
is common with that of the rotor. The schemati: diagram 
of the resulting single-phase compensated series motor js 
shown in Fig. 45, in which the armature is shown as a ring 
winding. c 

Commutation in a.c. motors is a greater problem than 
in d.c. motors, and particularly so in the case of single- 
phase a.c. machines. In Fig. 45 the coils A and B under- 
going commutation at the instant shown can be seen to 
have their axes para!'el to the main field winding. These 
coils receive an induced e.m.f. by transformer action 
and, being short-circuited through the brushes, be- 
have like the secondary circuit of a short-circuited trans- 
former. The short-circuit current passes through each 
coil for only the short interval of time it is opposite the 
brush, but the brush itself carries the short-circuit current 
continuously. If this current is not limited to a low value, 
the brush becomes overheated and is soon destroyed. 

Interpoles, which are so effective in d.c. machines, 
cannot be applied in the same way in a.c. machines. Inter- 
poles would normally be situated in the same position as 
the compensating winding shown in Fig. 45, and similarly 
conrected in series with the armature. The phase of the 
flux produced by the interpoles would therefore be the 
same as that of the main field, and the e.m.f. induced in 
the armature coils undergoing commutation, owing to 
rotating through the interpole field, would be in phase 
with the flux. The induced voltage by transformer action 
is in quadrature with the main flux and is therefore incap- 
able of being cancelled by the rotational e.m.f. 





MAIN FIELD 


WINDING 









Fig. 45. Schematic diagram of a single- 
phase compensated series motor. 


COMPENSATING 
* WINDING 
The magnitude of the 


e.m.f. induced by transformer 
action is proportional to 
three quantities, i.e., the total 
flux threading the circuit, the number of turns in the 
secondary, and the frequency of the e.m.f. 

In the design of single-phase a.c. commutator motors, 
every effort is made to reduce the transformer emf, 
resulting in the following Jesign features :— 
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(1) The flux per pole is reduced by making the machine 
multi-polar. This has the added advantage of 
enabling the field reactance, which cannot be com- 
pensated to be reduced to a reasonably low value, 
with consequent power-factor improvement. 

(2) The number of secondary turns, i.e., the number of 
turns between neighbouring commutator segments, is 
reduced to the lowest possible value, i.e., one turn. 
Thus, the number of commutator segments on an a.c. 
motor tends to be large, since the fewer the rotor 
conductors, the lower is the armature voltage. Even 
when the number of commutator segments has been 
increased to the largest economical number, short of 
using a commutator diameter bigger than that of the 
rotor itself, the voltage of the motor can rarely be 
raised above 300 V. Thus, for a large power output, 
the current intake must also be large. A large number 
of commutator segments means that each segment is 
very narrow. The brush area in contact with a seg- 
ment must be high to carry the large current, and thus 
the commutator must be made long and the brushes 
long and narrow. 

(3) In the case of high-power traction motors, the com- 
bined effect of the above two modifications is gener- 
ally insufficient to produce satisfactory commutation. 
It should also be borne in mind that an a.c. commuta- 
tor, under the worst condition, is required to switch 
4/2 times as much current as a d.c. machine carrying 
the same effective current. 

In traction systems in Europe the final step in the 
process of reducing the transformer e.m.f. to zero has been 
taken. This involves reduction in frequency, and a 
reduction from 50 to 16? cps can be effected by mzans of 
two mercury-arc converters, although the wave-form of 
the low frequency is not ideal. The mercury-arc system 
will be described later. 

The speed-torque characteristic of the single-phase 
a.c. motor is very similar to that of the d.c. series machine, 
tending to produce racing on light loads, but having a 
high starting torque. The speed control of such machines 
is thus largely load-dependent, as illustrated in Fig. 52, and 
has the advantage that the voltage input can be varied by 
efficient static equipment, such as an auto-transformer or 
variable choke. 

(b) Repulsion Motors 
The problem of neutralizing the reactance of the 

armature can be tackled in a slightly different way. A 

short-circuited coil on the stator (Fig. 46a) whose axis is 

parallel to that of the armature, will have the effect of 
cancelling all but leakage flux from the rotor. The rotor, 
as it is completely uncoupled magnetically from the 
main field, can be regarded as an independent circuit, and 
the functions of short-circuited coil and armature can be 
interchanged, as shown in Fig. 46b. The two stator coils 
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Fig. 46. Development of a repulsion motor. 
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can now be combined as a single 
coil wound on a new axis, as 
shown in Fig. 46c, and this is the general form of 
construction of the repulsion motor. 

Although the repulsion motor is also a series machine, 
it differs from the normal single-phase a.c. motor in that 
both the running-light speed and the speed on load are 
controllable by brush position. If the brushes are rotated 
until the angle a (Fig. 46c) is zero, the axis of the armature 
coil will be parallel to that of the field coil, and the 
machine resembles a short-circuited transformer, a large 
short-circuit current flowing without any torque being 
produced. If the brushes are in a position such that 
a = 90 deg., the armature and field circuits are not 
coupled, and no net e.m.f. is induced in the armature, 
again resulting in no torque, but this time with only 
magnetizing current flowing in the stator. For valves of a 
between 0 and 90 deg., torque is developed, and there is a 
brush position which gives optimum commutation. A 
fair range of speeds is possible for brush positions on 
either side of this optimum setting, with reasonably good 
commutation. 

Comparative speed-regulation characteristics of two 
single-phase repulsion motors are shown in Table II, 
which is based on information supplied by The British 
Thomson-Horston Co. Ltd. The !-hp motor is a type 
with the load-speed characteristics of a series motor, i.e., 
speed increases considerably with a decrease in load, 
while the 3-hp motor has load-speed characteristics 
which are substantially those of a d.c. compound-wound 
motor. In Table II, no-load speed is shown as a percent- 
age of top speed at full load. 
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COMPARATIVE SPEED-REGULATION CHARACTERISTICS OF 
Two SINGLE-PHASE REPULSION Motors. 


TasLe II: 





Brushgear at Top- Brushgear at Bottom-Speed 


Speed Setting Setting 
Rating at Top- 
Speed Setting 2:1 speed 3:1 speed 
range range 
Full- No- 
{hp] load load Full- No- Full- No- 
speed speed load load load | load 
speed | speed | speed | speed 
1 100% 200% 50% | 180% 33% | 170% 
3 100% 25% 50% | 115% 33% | 110% 


It is clear that the greater the demanded speed range, 
the greater will be the regulation between no load and 
full load at the low-speed setting. At the same time, the 
regulation figures are modified by the size of the machine, 
the larger motor having the better regulation. 

While it is true that the series characteristic of this 
type of motor must generally result in poor speed regula- 
tion, repulsion motors have an attractive feature in that 
the rotor circuit is isolated from the stator, and the 
machine can therefore be rapidly converted to a single- 
phase induction motor by clamping a con- 
ducting ring around the commutator, so as to 
short-circuit all the windings together. Al- 
ternatively, the rotor may carry a surface 
d.c. winding for repulsion-motor operation, 
and at the same time a squirrel-cage in deep 
slots which automatically takes over the drive, 
once a low slip has been reached, in the 
manner of a double-cage induction motor. 
This enables a single-phase induction motor 
to be designed so that it can start up on 
load as a repulsion motor, converting itself 
either by a centrifugal switch on the rotor 
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Fig. 47. Methods of starting single-phase induction motors. 


with short-circuiting of the commutator once a certain 
speed has been reached, or by the double-cage action. 
Such machines are known as single-phase induction 
motors with repulsion start. 


(c) Methods of Starting and Controlling the Speed 

of Single-Phase Induction Motors 

One method of starting single-phase induction motors 
has just been described. Most other methods involve the 
production of a rotating component of the field sufficient 
to start the machine, this being effected by some phase- 
splitting device. Examples of some _phase-splitting 
methods are shown in Fig. 47. In each case the principle 
is the same, i.e., the use of an auxiliary winding displaced 
in position from the main poles and carrying a current 
displaced in phase from that of the main field current. 
In Fig. 47a, use is made of a capacitor start, while in 
Fig. 47b a split phase is obtained by means of an extra 
resistance in the auxiliary field coil. In Fig. 47c, the 
auxiliary field coil is designed to have a different R/X 
ratio from that of the main field. 














Fi tle, 


| N sHADING 
RING 
_< 
a 
d @ Fig. 48. Arrangement and 
vector diagram of a shaded- 
pole motor. 


In some designs, the auxiliary winding is not con- 
tinuously rated and is cut out as soon as the motor has 
attained normal running speed. I» the case of the 
capacitor motor, shown in Fig. 47a, speed control of 
machines designed to run with the auxiliary winding 
permanently connected is sometimes effected by recon- 
necting the main windings from series to parallel or by 
tapped windings. Alternatively, an auto-transformer, or 
simply a resistance, can be used to vary the input voltage. 
This puts these motors in group (c) in Fig. 1, i.e., the 
inefficient, variable-slip class. 

A further method of producing a split-phase effect is 
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to cut slots in the pole faces and tc — short- 
circuited rings in the positions shoy in Fig. 
48. The part of the pole embrace by the 
“shading ring’ is effectively short- 
circuited transformer whose vector .iagram 
is also shown in Fig. 48. The s. ondary 


current /2 is almost in phase with th: second- 
ary voltage Ee, since the impedan:. of the 
ring is mainly resistive. The m«netizing 
current /,, sets up a flux ‘¥;. The primary 
current J; also embraces the magneiic circuit 
carrying ‘2 and is all magnetizing current 
insofar as this circuit is concerned. ‘Ps js 
therefore in phase with J; and lcads Yj, 
giving rise to a field travelling from the main pole towards 
the shaded portion. 


(d) ‘* Universal ’? Motors 


This class of motor, whilst listed as a single-phase 
a.c. motor, might also be included under d.c. machines, 
since the word “ universal ’’ means that it can be run 
equally well from d.c. or single-phase a.c. mains. Design 
limitations, however, are almost all concerned with its 
operation as an a.c. motor. The first point to note is that 
universal motors are only small machines, generally frac- 
tional-horsepower, and, owing to their low power con- 
sumption and output, several of the restrictions imposed 
in the design of single-phase a.c. commutator motors can 
be relaxed. 

The problem of commutation is made less severe by 
introducing high-resistance brushes to help suppress the 
transformer e.m.f. in the commutated parts of the wind- 
ing. The heat appearing in the brushes is not sufficient to 
produce damage, as the power handled is small. Being a 
series machine, the universal motor has a tendency to- 
wards racing on light loads, but the speed is unlikely to 
become dangerously high, as the total power available is 
absorbed in friction and windage loss before this condi- 
tion is reached. Low power factor is no real disadvantage, 
since the amount of reactive volt-amperes necessary is 
very small. 

Universal motors find ready application in household 
appliances where only a single-phase a.c. or a d.c. supply 
is available. Applications such as vacuum cleaners, sew- 
ing machines, food mixers, electric razors, etc. require a 
very small amount of power, and the _ single-phase 
universal motor is a natural choice. 

Speed control is effected either by insertien of a resist- 
ance in the supply—an inefficient but cheap method, or 
by supplying the machine from an auto-transformer. The 
latter method is equivalent to supplying a d.c. series 
motor with a variable voltage source, as illustrated in 
Fig. 52. Some universal motors are designed with tapped 
field windings for speed control, so that, for some settings, 
the materials of the motor will not be run to best advan- 
tage, though at low power this is unimportant. One 
further method of speed control is to include a centrifugal 
switch on the rotor, which adds rotor resistance above a 
certain speed. In some motors these switches can be 
adjusted during operation to vary the speed. 

Universal motors are usually designed so that, when 
connected either to alternating or direct current of the 
same voltage and loaded with the same full-load torque. 
they attain approximately the same speed. When order- 
ing universal motors the required direction of rotation 
should be stated, as reversal may perhaps be possible 
only by changing an internal connection, if the field and 
armature are joined inside the frame. 
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D.C. MAINS - INPUT DRIVES 


D.C. Motors 


Variations in the speed of d.c. machines can be 
effected by varying flux density or the e.m.f. applied to the 
amature. Permanent-magnet motors have only the latter 
alternative. When a load torque is applied to the rotor, 
the first reaction of the motor is to slow down, causing the 
back e.m.f. Ey to be reduced, and more current J, to flow 
inthe armature. It is this current, acted on by the field, 
which produces the torque necessary to balance the load 
torque. When this state of balance is reached, the applied 
em.f. E, is opposed by the back e.m.f. E, and the resist- 
ance drop R in the armature conductors, so that 


E,=E + idR .. ye “ wey 1D) 
Therefore, 
Eala = Eola 7" Iq?R ee ws ee (8) 


E,la is clearly the power input. Ja?R is the rotor copper 
loss, and hence EpJa is the output, including friction and 
windage losses. 

For a fixed flux density, Ey is proportional to speed. 
Eq. (7) shows, therefore, that, for a fixed flux density, the 
speed regulation on load is proportional to R; in other 
words, a high-resistance rotor will give rise to consider- 
able loss of speed when load, causing Ja to flow, is applied. 

One effect has been neglected in the above discussion. 
When rotor current is flowing, the rotor itself acts as an 
electromagnet and tends to distort or cancel the air-gap 
flux, this effect being known as armature reaction. The 
speed drop on load therefore tends to differ from that 
calculated from eq. (7) if nothing is done to counteract the 
effect. So far, however, only permanent field-magnet 
machines have been considered. When the field is sup- 
plied by electromagnets the characteristics depend mostly 
on how the field and armature circuits are relatively 
connected. 

In Fig. 49, the field and armature are in series. Neglec- 
ting armature reaction for the moment, Ey = Ey + [aR + 
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Fig. 49. F ternal characteristics of d.c. motor with field and armature 
in series. 


DECE ‘BER, 1957 Volume 18, No. 12 





E;, the field voltage E; being the product of field resist- 
ance R; and J,. Thus, 

‘a = Ey + Iq(R + Ry) = a aS 

However, Ep is itself proportional to Ja (since Ia produces 

the field flux) and to the speed @, so that eq. (9) becomes 

Eq = koa + Ig(R + Rs) = In(R + Ry + ko) .. (10) 

Torque 7 is proportional to the product of flux density 
and armature current, i.e., T = k\Ja?._ Hence, 

Eq =(R + Ry + ko) VT/ki «« 

With a fixed supply voltage, torque 7 is a maximum 

when @ = 0, while, for very small vaiues of 7, @ is very 


large. The general form of eq. (11) for series motors, in 
terms of T and @, is also shown in Fig. 49. 
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Fig. 50. External characteristics of d.c. motor with field and armature 
in parallel. 

In Fig. 50, the field and armature are in parallel, i.e., 
shunt-wound. Again neglecting armature reaction, the 
motor field current J; is constant, and the back e.m.f. Ey 
is given simply by k2@, so that 


Ea = kom + TqaR 


also, T = kala 


and hence 
Ea = kom + TR/ks (12) 


The general form of eq. (12) for shunt-wound motors, in 
terms of T and , is also shown in Fig. 50. 

In normal d.c. machines the flux enters the armature 
via one set of poles and returns via another.* The arma- 
ture conductors are therefore concerned with crossing 
alternate poles of opposite sense and, if unidirectional 
torque is to be obtained, the armature current must be 
suitably switched or commutated. In the case of d.c. 


* The exception is the homopolar machine, which, however, has 
limited application, as it can be used only on very low voltages. 
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machines the commutator may be regarded as converting 
the alternating back e.m.f. of each armature conductor 
from the frequency at which it is generated (depending on 
the rate of crossing poles) to zero frequency. A developed 
diagram of a d.c. armature with commutator is shown in 
Fig. 51a, in which the current flows through the armature 
coils into the brush through the segment B. After a small 
interval of time, the commutator segments have moved 
until the brush bridges a pair of segments, B and B’, as 
shown in Fig. 51b, and a little later on the conditions are 
as shown in S5Ic. It can be seen that in the time interval 
between which segments B and B’ are in contact with the 
brush, the current in coil A has been reversed. The coil A, 
like all the other coils, is inductive, and the current in it 
does not immediately reduce to zero when short-circuited 
by the brush, as in Fig. 51b, even if the induced e.m.f. is 
zero at that instant. If the current has not succeeded in 
reversing by the time the brush leaves segment B, an arc 
occurs, burning both brush and segment. Field distortion 
due to armature reaction aggravates the problem of 
commutation. 
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Fig. 51. Commutation in a normal d.c. machine. 

The usual solution is to employ between the main 
poles auxiliary field poles which are energized by wind- 
ings in series with the armature. The effect of these inter- 
poics or commutating poles is to neutralize armature 
reaction and to provide enough induced e.m.f. in the 
armature coil und2rgoing commutation to ensure that the 
correct current is flowing immediately prior to the brush 
leaving the appropriate segment. 


Speed Control of D.C. Series Motors 


The sp22d-torqu2 characteristics of the series motor 
(Fig. 49) show that speed is very largely load-dependent. 
Eq. (11), however, shows that torque 1s proportional to the 
square of the applied voltag2 for any given speed. Fig. 52 
shows how the characteristic is affected by a reduction in 
supply voltage from Eq to Ea/\/2. A motor running at a 
speed @, with applied voltage Ea against a fixed load 
torque will slow down to a speed @2 when the voltage 
is reduced to Ea/\/2. The power output is reduced in the 
ratio @2/@1, but the efficiency is little affected, provided 
that a variable source of applied voltage, such as a genera- 
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Fig. 52. Effect of reduction in supply voltage on the speed-torque 
characteristics of a d.c. series motor. 


tor, is available. If the source voltage is fixed, speed con- 
trol can be effected by insertion of a series resistance. It 
should be remembered, however, that this is an essentially 
wasteful system. The action of the series resistance is to 
cut down the machine terminal voltage, at the same time 
converting the surplus power into heat in the control 
resistance itself. The power input from the mains is 
virtually unchanged. 

An alternative control system for a fixed voltage sup- 
ply is to provide a variable resistance which shunts the 
armature. This also is merely a means of extracting 
power from the armature and dissipating it in the control 
resistance. A combination of series resistance and arma- 
ture shunt resistance may also be used. 

Methods of control of this typ2, in which the extra 
power is dissipated in a rheostat, are naturally waste- 
ful; however, where power consumption is of secondary 
importance, they have the advantage of providing 
cheap and convenient sp2ed regulation, and a wide range 
of control equipment for the purpose is available. 


Speed Control of D.C. Shunt Motors 


If speed is changed by varying the field current, eq. (12) 
for shunt motors is modified to include the effect of 
changes in the motor field current /;. Thus, the back 
e.m.f. Ep is no longer given by kew but by k4/,@, and the 
torque T is now equal to k5/¢la. Thus, 


Eq = kalyo + [aR 


or, in other words, 
a. 
kily kak sly? 

so that kyl; replaces ke, and k-/; replaces kz. 

If the field current is cut by 50°%, the values of k2 and 
ks in eq. (12) are effectively halved; the resulting speed- 
torque curve for the half-field-current condition is shown 
in Fig. 53a compared with the speed-torque curve for full 
field current. The running-light speed is doubled, but the 
slope of the line is increased by 4, i.e., speed regulation is 
increased by 4. Thus, although field weakening appat- 
ently increases speed without incurring extra power loss, 
the loss of torque results in poor speed regulation at the 
higher speed and a reduction in available power output. 
A further disadvantage of this system is that fine control 
of speed is difficult at high speeds because of armature 
reaction effects coupled with a very weak field. 
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A second method of speed control is obtained by 
varying the armature voltage by inserting a resistance Ra 
inseries with the armature, and at the same time keeping 
the field current constant. Eq. (12) is modified to the 
extent that R is replaced by (R + Ra), and Fig. 53b shows 
that the slope of the speed-torque curve is doubled and 
the running-light speed virtually unaltered. This, in fact, 
is not a good method, since it controls speed only as the 
result of load torque, and the reduced power output 
resulting from the reduced speed does not in turn result 
ina reduced power input. The armature series resistance 


ally, in a.c. systems of speed con- 
trol appearing as (g) and (A) in 
the classification in Fig. 1, this type of control is 
used, and descriptions of the methods of obtaining a 
variable voltage for the armature circuit are given later 
in connection with these particular systems. 
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Speed Control of Compound D.C. Motors 


The field of a compound motor is set up by two separ- 


ate sets of field coils, one set being in series and the other 
set in parallel with the armature. 


If the shunt field is in 
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R, consumes power Jq2Ra compared with the output 
Evla, the total power being 


(Ep sig TaR)a = IqEa 


ie., the same as the power consumed before speed reduc- 
tion. The efficiency, therefore, decreases with a reduction 
in speed; for some applications, this may not be a serious 
limitation, as it is generally preferable to a system having 
a drop in efficiency as speed is increased. 

A third method of speed control, illustrated in Fig. 53c, 
involves the insertion of a resistance Rs in series with the 
motor. This cuts down both the effective values of Ea and 
I; in eq. (13) and again results in an increased slope of 
characteristic rather than a reduction in running-light 
speed. The slope is now increased by the square of the 
effective voltage reduction. The available power is 
reduced in a similar manner to that resulting from field- 
resistance insertion. 

None of the methods illustrated in Fig. 53 is satis- 
factory from both the point of view of efficiency over the 
speed range and available power output. Permanent- 
aged motors can only employ the method shown in 

ig. 53c. 


Speed Control of Separately Excited D.C. 
Motors 


The best method of d.c. speed control is certainly 
achieved by efficient control of armature current without 
achang: in field current. Efficient control means that the 


Fig. 53. 


Voltage ‘:pplied to the armature must be controllable 
withou! :ecourse to a series resistance. The result of such 
control imply reduces the effective value of Ea in eqs. (12) 
and (1- and results in a general shifting of the speed- 
torque ' ne without a change of slope (Fig. 54). Incident- 
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Methods of speed control of d.c. shunt motors. 


parallel with both armature and series field coils, as 
shown in Fig. 55a, the motor is said to be of the long-shunt 
type. In the short-shunt type shown diagrammatically in 
Fig. 55b, the parallel coil is connected directly across the 
armature. 

The two sets of coils can be connected in the same 
sense, so that the armature current through the series 
coils produces a field which assists that produced by the 
shunt field. Such a motor is said to possess cumulative 
compounding. A machine in which the fields are opposed 
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Fig. 54. Speed control of separately excited d.c. motors. 
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Fig. 55. Compound motor connections, hettes' (a) long-shunt type, and 
) short- shunt type. 


to each other is ee a differentially compounded 
machine. 

A cumulatively compounded motor has character- 
istics which represent some intermediate stage between a 
shunt and a series motor, depending on the relative 
strength of the fluxes produced by the two sets of coils. If 
the machine is regarded primarily as a shunt motor, the 
application of load, causing armature current to flow, 
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produces a stronger field and reduced speed, as i 1 series 
motor. Typical speed-torque curves for a cur: atively 
compounded motor are shown in Fig. 56a. Th greater 
the ampere-turns of the series field relative to thy = of the 
shunt field, the greater is the speed drop on load i.e., the 
nearer the machine approaches a pure series mc »r. The 
dotted curves in Fig. 56a show the characte :stics of 
a shunt motor and a series motor for comparis::n. Fig, 


56b shows the type of speed-torque characteristics result. 
ing from differential compounding, where the stunt field 
contributes the major part of the flux and the series field 
is used as a minor adjustment for the slope of the char- 
acteristic. Armature current flowing through the series 
coils weakens the field and tends to cancel the effect of the 
armature JR drop. 

As the amount of series field is increased, a stage can 
be reached where the speed-torque characteristic is vir- 
tually horizontal, tending towards a machine with con- 
stant speed at all loads. It should be remembered, how- 
ever, that the speed will eventually rise with very large 
loads due to the armature reaction effect, giving a 
tendency to instability, unless the speed-torque char- 
acteristic of the load rises rapidly. Another point to be 
borne in mind is that level compounding does not guar- 
antee a fixed speed in the same way as does a servo- 
controlled d.c. motor. 

Almost all the combinations of speed control used in 
connection with shunt or series motors can be applied to 
compound machines. The complexity of the system, 
however, makes the prediction of performance very 
difficult. If the speed-torque curve for one particular 
control setting is designed to be acceptable, then it will in 
general be unacceptable at another control setting. For 
example, a differentially compounded motor employing a 
long shunt and using resistance in the shunt field as a 
means of speed control might be designed to have level 
compounding at bottom speed. If the shuni field is 
weakened to cause a speed increase, the series field has a 
greater effect and over-compounding and possible in- 
stability results at the higher speed settings. Alternatively, 
if the set is designed for level compounding at top speed, 
the machine will be virtually a shunt motor at bottom 
speed. 

Clearly, space does not permit a discussion of all the 
many possible combinations of inserting shunt and series 
resistances in compound machines for the purpose of 
speed control, and it is advisable to consider each case on 
its merits. 


Utilization of D.C. Motors 


The d.c. machine is at present the commonest form of 
variable-speed motor, despite the fact that an a.c. supply 
is usually the only one available. As a matter of fact, one 
of the advantages of the d.c. machine is that it is a 
standard piece of equipment which is usually available 
from stock, and this may lead to a certain amount of 
encouragement to customers to install d.c. machines for 
applications where an a.c. motor might be more advan- 
tageous. It must be remembered that, unless a d.c. mains 
supply is available, installation of a d.c. machine involves 
the conversion of a.c. to d.c. at the full power level by 
some other machine, whether it be rotary or static. Some 
of the systems employing d.c. machines fed from rotary 
machines involve an a.c. motor as the prime mover, 
discussion of the various a.c. mains systems which utilize 
a d.c. motor as the final drive is included in the fol- 
lowing section. 
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wes SYSTEMS CONVERTING MAINS A.C. TO D.C 
atively SY. e e ° ° 
sreater 
of the The basic theory of speed control in d.c. machines has motor at all, but could be an internal combustion 
€., the ff aiready been discussed, and it is apparent that the best engine, turbine, etc., although the a.c. mains supply 
'. The arrangement for speed control involves changing the is often the most convenient source of energy. 
ics of Bf armature voltage. In this way the back e.m.f. can be To save initial cost, a few systems are made with self- 
. Fig. adjusted without field weakening, which always results excited motor and generator, but these are generally 
result- ff in poor speed regulation at high speeds. The problem of inefficient and limited in output. They are not reversible 
t field economic speed control is therefore converted into a in the manner of the basic system shown in Fig. 57, and 
S field problem of economic voltage control. Since alternating their speed regulation is poor. Nevertheless, such sys- 
char- current is usually more readily available, the alternative tems are sometimes used, either with two series machines 
Series schemes are clearly as follows :— or with two shunt machines. 
of the (i) Generation of direct current, the generator being Although the reversal of rotation in Fig. 57 is shown 
driven by a constant-speed a.c. machine and voltage as being the result of changing field polarity on the 
pe can variation effected by control of the generator field generator, reversal of polarity on the final drive-motor 
IS VII- current, i.e., Ward-Leonard systems. field is equally effective. If rapid reversal is required, 
| con- § (jj) Rectification of the alternating current, variable switching of either the motor or generator field may be 
how- voltage being produced either on the a.c. side or in insufficient to meet requirements. The field circuits are 
large the process of rectification. highly inductive, and mere reversal of applied voltage 
Ing a § Ali motor-generator sets are included in (i) above, which does not produce sudden reversal either of current or 
char- is effectively group (g) in Fig. 1. Group (A), which is the flux. In this case the armature connections must be 
to bef same as (ii) above, includes the following types of rectifi- reversed, at the expense of a much larger and more ex- 
suar- @ cation and control :— pensive reversing contactor, capable of handling the much 
eTVO- Bf (a) Mercury arcs. larger armature current. 

: (b) Electronic valves of various types. Although regenerative braking is possible, it is often 
ed in (c) Metal rectifiers, with or without magnetic amplifiers. supplemented by dynamic unregenerative braking ob- 
ed to Systems in group (f) have already been discussed in tained by connecting a resistor across the final drive- 
stem, § connection with single-phase eommutator motors, and motor armature for the last part of the deceleration. 
very @ are not included in this section. The lowest speed obtainable with the basic Ward- 
cular Leonard set is fixed by the level of the residual magnetism 
‘illin | (a) Ward-Leonard Systems in the generator, since this will still produce an e.m.f., 
For A schematic diagram of a Ward-Leonard system of even when the generator field current is cut to zero. 
Inga § control is shown in Fig. 57, in which the fields of the d.c. Modifications to permit very low speeds to be obtained 
as 2 f machines are supplied by an exciter driven from a con- are based on two principles, i.e., (a) a counterwinding 
level J stant-speed motor. The armature voltage supplied to the which can produce field ampere-turns in opposition to the 
Id is J final drive motor is controlled by a centre-tapped main field, which are just sufficient to cancel the residual 
has a potentiometer in the generator field circuit, the centre tap flux when the main field is cut to zero ; and (b) a switch- 
- In- @ implying that reversal of polarity resulting in reversal of ing device, enabling the generator armature to be connec- 
vely, | the direction of drive is possible. The basic disadvantages ted across its own field as the latter is disconnected from 
eed, of such systems are the following :— the exciter. The connection is such that the armature volt- 
tom J (1) Itis necessary to provide three machines, each capable age causes current in the field circuit which kills the exist- 

of handling the full power supplied to the load. A ing flux. This is often known as the “suicide” 
| the small exciter is also required. connection. 
cries § (2) Maintenance of brushgear and commutators on three 
. of machines is required. Exciters :— 
” On the other hand, their advantages are :— In very large Ward-Leonard sets the exciter is itself 
(1) A large speed range with good regulation and fine quite a large machine. The rotary exciter can, of course, 
control is available. be replaced by any other device capable of providing a 
(2) Rapid reversal of direction of rotation is possible. d.c. voltage for the field circuits. There are several types 
(3) Regenerative braking is possible. of exciters, i.e., (1) rotary, (2) electronic, (3) metal 
nof | (4) Standard machines, which are ordinarily manu- _ ectifier, (4) electronic amplifier, (5) magnetic amplifier, 
pply factured for individual use, are used in the system. and (6) rotary amplifier. 
one _ All the machines may be mounted on a pe 
is a single bedplate, or the final drive motor may MAINS 
able | bemounted separately. This latter altern- | | 
t of § ative offers a further advantage in that 
; for the power/weight ratio of the final drive 
van- § Motor is high, even though that of the set as ott Walt Gee ee a... ao ccunn 
ains 4 whole is low. This can be important in ve 00 gon00 
Ives certain applications where the final drive 
| by motor forms part of a moving system whose 
ome Weight must be minimized. In applications 
tary where very wide speed ranges are required, 
er: field weakening may also be employed in sel 
lize the final irive-motor circuit. Although the < - 
fol- Prime n over in Fig. 57 is shown as an f 
inductic motor, it need not be an electric Fig. 57. Schematic diagram of a Ward-Leonard system. 
ST DECE’|BER, 1957 Volume 18, No. 12 559 











A.C. INPUT 


REACTOR AND 
















































































































































































CURRENT —SS> AMPLIFIER 
CURRENT LIMIT SETTING SUPPLY TRANS. 
LIMIT REF. ( POT. 
RECT. eae 
= DC. > 
= SUPPLY 
CASCADE ~~] 
pat EXCITER SET | 
FIELD in i | ts dy BIAS - — — ~ 4-1, | CONTROL | 
EXCITATION S SCI sci COILS ; 1] cons if 
aes, hs i=; 
1 ae 220 V. ai 
I D.C. ' T AMPLIFIER 
sah (09 
bam fm ob 1 
MOTOR L meat 
FeO, 6B) OL J hs § LY KJ pf  “------ 4 
FFC A - CONTROL FIELD sc [ 
B - SERIES BIAS FIELD SATURABLE 
C - SHUNT BIAS FIELD REACTOR 
5 St] >= CURRENT LIMIT FIELO cc 
sc sc | ‘_ 
$C2 sc2 FRONT 
AND 
& TAIL KEY 
w 2 CROP POT. __ sc) 
939 aa } GENERATOR SUICIDE CONTACTORS 
Zz $c2 
MOTOR ax ' \ 
FIELD <a 2 M -4 1 $C SHEAR CONTACTORS 
oge \ /} CC CROP CONTACTORS 
FFC a FFC FIELD FORCING CONTACTORS 
SC LAST M MILL TACHO - GENERATOR 
| FINISHING s SHEAR TACHO - GENERATOR 
cc STAND ME MAIN EXCITER 
- MOTOR PE PILOT _EXCITER 
* COARSE ADJUST. FIO 
220V. 14’ To 31’ 
D.c. GANGED 


Fig. 58. Simplified schematic diagram of a cascade exciter set for a flying-shear control. 


The advantages of rotary exciters are low cost, to- 
gether with the ability to continue supplying fizld current 
for several seconds in the event of a power failure of 
short duration. 

The advantages of the electronic exciter are its low 
weight and its easy adaptation to servo-controlled sys- 
tems, but it has the disadvantage of requiring a warm-up 
time prior to starting. Metal rectifiers are similar in most 
respects to electronic systems, without the necessity for a 
warm-up period, but they generally have a lower effi- 
ciency than the corresponding electronic exciter. 

Amplifier-type exciters are used for three main 
reasons. The first is that, when field excitation is to be 
reduced, increased power-conversion efficiency is ob- 
tained ; the second reason is that the controls can be 
much smaller when they are not operating in the actual 
field circuit, and finally, better automatic control is 
possible with such a system. The amplifiers can be used 
independently on motor and generator. 

A normal d.c. machine can be regarded as an ampli- 
fier, since control of a small amount of power in the field 
results in control of a large amount of armature power. 
Such rotary amplifiers as amplidynes and metadynes are 
simply two stages of amplification built into one machine. 
Magnetic amplifiers operate on the principle that, if the 
iron of a transformer is near to saturation, small changes 
in d.c. excitation will have profound effects on its op2ra- 
tion as a transformer. This typ2 of amplifier is very robust 
and reliable. 

A great deal of work has gone into the development 
of exciters for use with Ward-Leonard systems. It has 
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(Courtesy of The General Electric Co, Ltd.) 
been claimed that almost any drive requirement can be 
fulfilled with the use of servo-controlled Ward-Leonard 
sets. Whilst this may be true, the complexity of the 
resulting equipment may be very high, resulting in higher 
cost, higher maintenance, less reliability, etc., so that 
these factors must be taken into consideration when 
contemplating such a variable-speed system. 

Ward-Leonard drives are certainly one of the most 
popular variable speed systems at the present time and 
are manufactured with a wide variety of exciter and con- 
trol systems. The complexity of some of these control 
systems rivals that of electronic computing-machine 
circuits. Fig. 58, for example, is a schematic diagram of a 
cascade exciter set for a flying-shear control. In such 
systems fault-finding is clearly the job of the specialist, a 
factor which miist offset some of the advantages. 

Many Ward-Leonard sets, with wide variations in 
principle and layout, are commercially available to-day. 
Thus, to mention only a few, such sets are produced in 
England by Metropolitan-Vickers, the General Electric 
Co., British Thomson-Houston, and The Electric Con- 
struction Company. Of these, the General Electric set 
uses an electronically operated cascade exciter system, 
the British Thomson-Houston set uses exciters operated 
by vacuum-valve circuits, and the Electric Construction 
Company set uses purely electronic exciters. In Switzer- 
land, Oerlikon uses exciters operated by servo-controlled 
motorized rheostats, while Brown Boveri uses four 
exciters, two of which are operated directly by rheostat 
control and the other two via magnetic amplifiers. |n 
Belgium, A.C.E.C. has thyratron circuits operating 
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directly into the motor and generator field circuits. In the 
US.A., the “* VS *’ type of Ward-Leonard set produced 
by the Reliance Electrical & Engineering Co. uses thyra- 
trons operating directly on the motor and generator 
fields, while the General Electric “‘ Packaged Speed 
Variator’’ features amplidyne exciter control of the 
generator or motor field, and the ‘“* Select-Spede ”’ pro- 
duced by the Louis Allis Co. uses a magnetic amplifier 
operating directly on the generator field, the motor field 
being fed from a metal rectifier. In the “ Life-Line ” ad- 
justable-voltage drive, manufactured by the Westinghouse 
Electric Corporation, a selenium rectifier is used to supply 
power to the fields of both the d.c. generator and d.c. 
motor. 

The examples given above are, as already stated, 
only a few of the Ward-Leonard sets at present com- 
mercially available, and, indeed, are not necessarily the 
only type of Ward-Leonard system produced by the 
particular firms mentioned. It can therefore be appreci- 
ated how important it is for those contemplating a system 
of this type to obtain full relevant information, if the 
optimum arrangement for a particular requirement is to 
be obtained. 





Fig. 59.‘ Speed Variator’’ packaged variable-speed power unit. 


(Courtesy of General Electric Company, U.S.A.) 


Many of the sets of equipment supply- 
ing the direct current to the final drive 
motor are ‘‘ packaged”’, as shown in 
Figs. 59 and 61. The size and cost of this 
equipment must all be tolerated by the 
customer before he buys the actual motor 
which is to do the job. Thus, all the equip- 
ment shown in Figs. 59 and 61 is, so to 
speak, “ auxiliary * to the driving motor, 
whose size is no bigger than the com- 
ponents of the motor-generator sets in the 
lower half of the package. The fact that so 
many manufacturers develop complex 
contro! schemes is an indication that there 
is a demand for very accurate speed con- 
trol. Many of the systems, in fact, incor- 


porate servo-mechanisms, and _ the 
fact that the Ward-Leonard system 
lends “elf readily to servo-systems 
may ‘ount in large part for its 
Popula~ ‘y, 
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A 4700-hp Metropolitan- A.C./D.C. DRIVES 
Vickers electric winder with 
a twin d.c. Ward-Leonard drive, installed at the main 
shaft of the West Driefontein Gold Mining Co. Ltd., 
South Africa, is shown in Fig. 60. 










































Fig. 60. 4700-hp electric winder with a twin d.c. Ward-Leonard drive, 
installed in a gold mine. 
(Courtesy of Metropolitan-Vickers Electrical Co. Ltd.) 


(b) Motors Driven by Mercury-Arc Rectifiers 


The mercury-arc rectifier is a compact and efficient 
method of converting alternating to direct current, or 
direct to alternating current. When used for the latter 
purpose, it is usually called an inverter. The device con- 
sists of an evacuated bulb into which a pool of mercury is 
introduced, the space inside the bulb therefore being 
filled with mercury vapour. A number of anodes projects 
into the bulb, the whole arrangement constituting in its 
simplest form a gas-filled diode, in which, as the mercury 
pool is the cathode, conventional current flow is towards 
the pool. A simple rectifier circuit using two anodes is 
shown in Fig. 62a, the resulting current form being shown 
in Fig. 62b. Current flow is always from the positive 
anode, and full-wave rectification is obtained. Whilst the 


Fig. 61. Packaged variable-speed drive system. 
(Courtesy of Reliance Electric and Engineering Co.) 
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output current is unidirectional, it is not what is usually 
“a: ” 36 PHASE 

meant by “ direct’ current, the output wave-form con- TRANSFORMER 
sisting of a steady current together with numerous har- 
monics of the original a.c. wave-form. In electronic 
amplifier power-packs, double-diode rectification of 
this type is usually adequate, the unwanted a.c. 
components being eliminated by RC or LC smoothing 
circuits. For large power, the smoothing components 
needed would be large and expensive and would result in 
lower running efficiency. A much better approximation 
to a steady output current can be obtained by using more 

phases, a six-phase system being shown in Fig. 63a. The | 
current flows from the most positive anode, and the 

resulting output wave-form shown in Fig. 63b is clearly 

superior to that in Fig. 62. The penalty incurred in this 

case is a 3:6 phase transformer to supply the anodes, but 
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this is not as costly as it might appear, since the input pil jay ceswicas is (b) As 








voltage will generally need a step-down transformer in wxX = 
any case, if high-power motors are involved and current 
is being taken from the grid. For even better output wi x x x rs * ~> x x) A 3 

ave-forms, a 12- or even 24-phase rectifier be used. 06 or 
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MERCURY _ to strike ; by altering the phase of the input e.m.f. to the J the 
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The effect of grid control on output current is shown § but th 
in Fig. 64. Whilst the mean level of the output is varied, § 20d t! 


| the wave-form suffers considerable distortion, the degree § Altern 
ie of which becomes worse with lowered mean level. § mat 
VOLTAGE Furthermore, the rectifier has a tendency to reverse the § "ctifi 
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Fig. 62. Full-wave rectification with a rectifier, using two 
anodes. 

The function of the mercury vapour in the bulb is to 
enable much greater current to flow than would be poss- 
ible using a vacuum valve. The initial flow of anode cur- 
rent immediately following switching on, results in the gas 
being ionized, and the valve is said to be “ struck ”. 
Unlike a vacuum valve, once current is flowing, it cannot 
be controlled by the use of a third electrode or grid. A 
grid can, however, control the value of anode voltage 
necessary for the valve to strike, and this phenomenon 


can be used to contro! the output current of a rectifier, KK OK ie OK OK OK OK — Fig. 6 
the method employed being as follows :—A grid is fitted uN oO . . ., . . . Leven Mage 
to control each anode of the rectifier separately. The The 
grids are biased negatively, but are connected in series xx XOX Xe show 
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formers connected to a supply voltage which saturates the Fig. 64. Effect of grid control on the output wave-form of a mercury: 
iron in them, causing the secondary voltage to consist of d are rectifier. 3 
short pulses, alternately positive and negative. The posi- (a) No grid control ; (b) striking delayed by grids ; 
" : (c) result of further delay in striking. 
tive pulses serve to neutralize the bias and allow the anode The thick lines indicate the current-carrying periods 
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wyave-form of the main supply, the magnitude of the effect 

depending on the relative impedances of the load and the 

supply busbars. The power factor of the system is good 
when no grid control is applied, but falls almost propor- 

tionally with the reduction of voltage by grid control. A 

preferable control system from the point of view of wave- 

form and power factor is to vary the input a.c. supply. 

This may be effected in one of two ways, as follows :— 

(a) Tap-changing gear may be included on the anode- 
feeding transformer. Such a system provides a 
number of speeds without the facility for continuous 
speed variation. It is therefore comparable with pole- 
changing induction motors, except that the increment 
between steps can be much smaller and the number of 
possible steps much larger in the case of the rectifier- 
driven machine. 

(b) A special type of variable-voltage transformer or an 
induction regulator can be used to feed the anodes. 
This system, whilst providing continuous variation, is 
obviously more costly. The total equipment consists 
of a voltage regulator, mercury-arc rectifier, and d.c. 
motor, all capable of handling full power. From the 
point of view of cost and total bulk, this system is 
comparable with a Ward-Leonard system. 

The use of the mercury-arc converter for inversion 
will now be considered. By the nature of this equipment, 
current can only flow from anode to cathode, so that, if 
the power flow is to be changed, the voltage polarity must 
be reversed. When the mercury-arc converter is used to 
drive a d.c. motor, regenerative braking is possible only 
if the back e.m.f. of the motor is reversed with respect to 
the rectifier voltage. This can be achieved by the use of 
two rectifiers coupled ‘‘ back-to-back ”’ in what is known 
as the “‘ figure-of-eight ’’ connection.® In this case, transi- 
tion from motoring to generating takes place smoothly, 
but the penalty is the use of two rectifiers instead of one, 
and the advantage does not generally warrant the cost. 
Alternative schemes involve reversing either the motor 
armature or the field connections and using a single 
rectifier in what is known as the ‘‘O” connection. Of the 
two, field reversal presents the problem of the field time- 
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Fig. 65. Mercury-are 





constant, whereby the flux can be A.C./D.C. DRIVES 
changed rapidly only by field- 
forcing, involving special design of the motor. Armature 
reversal can be achieved more rapidly at the expense of 
a much heavier contactor to break the larger current. 

Reference has already been made to the use of 
mercury-arc converters as frequency changers, to step 
down from 50 to 16% cps to supply single-phase commuta- 
tor machines used as traction motors. In this application 
two 6-phase rectifiers are connected back-to-back, to 
drive what is effectively direct current first in one direction 
and then the other through the load. If each anode 
carried the same voltage the resulting wave-form would 
be poor, as shown in Fig. 65a, but by suitable design of 
transformer a shaped wave-form, such as that shown in 
Fig. 65b, is obtained, since the nature of the 3:1 conver- 
sion is such that the same anode carries current at the 
same period in each cycle. 

The voltage drop in the arc of a mercury-arc converter 
is of the order of 25 volts and is independent of the cur- 
rent. The efficiency of the device when operated without 
grid control is therefore simply given by V/(V+25), 
where V is the d.c. output voltage. Consequently, 
efficiencies of well over 90% are easily obtainable. The 
power loss in the rectifier appears as heat, and a cooling 
fan is usually necessary in medium- or high-power 
installations. The rectifiers are either of the glass-bulb 
or steel-tank type. In some, the bulb is sealed off, whilst 
in others it is continually pumped out. Whilst the latter 
type can theoretically be in service indefinitely, the extra 
cost of pumping equipment offsets the advantage of the 
maintenance of a high vacuum. 

In the English Electric excitron-operated controller, 
which is available for powers between 25 and 50 hp, the 
a.c. mains voltage is fed via a transformer to three single- 
anode mercury-arc rectifiers, where it is converted to a d.c. 
voltage which is then applied to the motor armature, any 
variation of this applied voltage effecting a corresponding 
variation in motor speed. A proportion of the armature 
terminal voltage is compared with a preset reference 
voltage. The resulting voltage difference is then applied 
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to the grids of the rectifiers as the d.c. signal, so that any 
change in the armature terminal voltage alters the value 
of this d.c. signal and thus corrects the output from the 
rectifiers. Consequently, a closed-loop control is formed. 
Metal rectifiers are used for supplying the motor field. 
The complete equipment required comprises a d.c. shunt- 
wound motor, rated for the load and speed change 
desired, a control cubicle containing the mercury-arc 
rectifiers and metal rectifiers, control and protective 
relays, armature contactor, control circuits and relays, 
a transformer supplying the mercury-arc rectifiers, a 
series armature choke for improving commutation and 
reducing motor losses, and a control station, with speed- 
setting potentiometer and push-button controls. 

Mercury-arc rectifiers are compact and reliable. 
They have, for example, been used as pit-winder drives 
in sizes up to 4500 hp. Fig. 66 illustrates the relative 
sizes of components in a grid-controlled system made in 
the U.K. by the Nevelin Electric Co. Ltd. and used in 
their Lancashire-Nevelin ‘‘ Varionic ” drive. The recti- 
fier equipment delivers controlled d.c. power to the 
armature of a d.c. motor, and motor speed may be ad- 
justed manually by a handwheel or by a push-button at 
local or remote stations, or by a completely automatic 
system, if required. 





Fig. 66. Grid-controlled rectifier with adjustable output voltage, 
stabilized within + 4% by a built-in electronic control unit. 
(Courtesy of Nevelin Electric Co. Ltd.) 
Fig. 67 shows a rectifier cubicle made in the U.K. by 
the Electric Construction Co. Ltd. for their ‘* Varispeed ” 
drive, which normally comprises three pieces of equip- 
ment, i.e., the rectifier cubicle, the control equipment, 
and the d.c. drive motor. Typical figures for speed regu- 
lation with this equipment, when used with a mercury- 
arc-driven motor, are as follows:—At full speed (1000 
rpm, output 400 hp), speed at no-load 1120 rpm; at 
}-speed setting (250 rpm, output 100 hp), speed at no- 
load 350 rpm. 


(c) Motors Operated by Vacuum Valves or Gas- 
Filled Valves 
Vacuum valves are capable of passing relatively small 
currents compared with gas-filled valves and are therefore 
only used to drive small motors. Gas-filled valves, 
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Fig. 67. Rectifier cubicle for a large ‘‘ Varispeed’’ drive. 
(Courtesy of Electric Construction Co. Ltd) 


generally known as thyratrons, on the other hand, are 
extensively used in conjunction with motors up to about 
75 hp. These valves, which can be filled with any one of 
a number of gases, e.g., mercury vapour, argon, etc., are 
similar to mercury-arc rectifiers, the main difference being 
that the thyratron has a_ solid, _filament-heated 
cathode. 

Electronic techniques can be exploited to the full to 
produce a speed-control device capable of first-class 
performance as regards speed range and regulation over 
the entire range, rapid speed changes being possible over 
speed ranges as high as 100:1. In low-power systems, 
power factor and efficiency are rarely a problem, poor 
though they may be over certain parts of the speed range. 

Almost every manufacturer will have a different 
control circuit. Gas-filled valves are used in the armature 
circuits of motors, and gas-filled or vacuum valves in the 
low-current field circuits. This type of drive effectively 
achieves low speed by supplying power to the motor 
intermittently. 

As with other types of drive, the greater the demanded 
speed range and the better the regulation, the larger, more 
costly, and more complex will be the equipment. The 
disadvantage of the required warm-up period, which may 
amount to several minutes, must always be borne in mind 
when considering electronic drives of this type. The main 
advantages may be summarized under the headings of 
high speed of response, small amount of control power. 
wide speed range, and good regulation. 

In the “ Airmec ”’ electronic speed controller, manu- 
factured in the U.K. by Crompton Parkinson Limited, 
armature supply is via two thyratrons, which are xenon- 
filled to reduce warming-up time to about one minute. 
These thyratrons provide a full-wave rectified supply 
which is reversible and continuously variable between 20 
and 200 V d.c. at a maximum current of 5 A continuous 
rating. A choke and capacitor smooth the armature cur- 
rent, so that the approximate ripple voltage with maxi- 
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mum current is 15 V r.m.s. when the average voltage is U.S.A. by the Louis Allis Co. A.C./D.C. DRIVES 
about 100 V. For field supply, a full-wave metal rectifier (the ** Select-a-Spede’, for 
is used, delivering 0-2 A maximum at 200 V d.c., un- ratings up to 15 hp) and by the Reliance Electric & 
smoothed. The complete unit, which is suitable for motor Engineering Co., who use an electronic drive with printed 
ratings of 4, 3, or 1 hp, as required, with a standard top 
speed of 2850 rpm, consists of two units, i.e., the rectifier 
unit and the manual controller. The rectifier unit is 


shown in Fig. 68. 





A.C. 
SUPPLY 





Fig. 68. View of interior of rectifier unit of the “ Airmec ” electronic 
: speed controller. 
(Courtesy of Crompton Parkinson Ltd.) 


The ‘“ Heenatron”’ drive, manufactured in England 
, are by Heenan & Froude Lid., comprises a d.c. shunt-wound 
bout motor rated up to | hp at maximum speeds of 2800, 1400, 
e of or 960 rpm. At the non-driving end, a permanent-magnet 
, are type of a.c. generator is built as an integral part of the 





Fig. 69. Component units of typical low-horsepower “‘ Emotrol ” 








eing machine, the voltage from it being directly proportional : 
b = ° equipment. 
ated to speed. This generator may, however, be supplied as a (Courtesy of The British Thomson-Houston Co. Ltd.) 
separate self-contained unit for special applications or 
ll to where non-standard motors are used. The motor is 
“lass excited by an electronic rectifier unit operating on normal 
over single-phase a.c. mains, supplying the direct current re- 
over quired for the motor. The unit employs mercury-vapour 
ms, grid-controlled thyratrons. Governed by the generator, 
oor infinitely variable speeds down to 60 rpm are available, 
ge. and set speeds are maintained within +10 rpm, despite 
rent wide variations in load. An adjustable torque-limitation 
jure circuit protects the motor against overload, eliminating 
the the need for a d.c. motor starter. 
ely The components of a typical low-power system (1 to 
tor 3 hp) are illustrated in Fig. 69. Known as the ** Emotrol ” 
this system, made in the U.K. by The British Thomson- 
ded Houston Co. Ltd., is, however, available in a wide range 
ore of ratings, from 0-5 to 600 hp. All these units are essen- 
The tially controlled rectifiers supplying the precise amount 
ay of d.c. armature power required to maintain the desired 
ind motor output. To cover the above power range as 
ain economically as possible, a variety of rectifier connec- 
of tions is used. Thus, the lower power ratings (up to 35 hp) 
er, use a biphase rectifier with two thyratrons, while, for 
ratings above 35 hp, six rectifier-type ignitrons are used. 
\u- Where variation of the shunt-field excitation is required 
d, to obtain a very wide speed range or for other reasons, an 
n- auxiliary controlled-rectifier circuit is used. 
te. In the U.S.A., a thyratron-fed d.c. motor drive, 
sly known as the ‘ Thy-mo-trol”’ (Fig. 70), is made by 
20 Gener: Electric, providing stepless speed control over a 
us wide r> ge, i.e., 5:1, 20:1, 50:1, or even 100:1. These 
r- packas~j drives are available in many sizes, from 1/70 hp Fig. 70. The ‘“ Thy-mo-trol’’ packaged thyratron-fed motor-control 
i- up to 5 hp. Other units of this type are made in the (Courtesy of Cunanal Wieele Company, U.S.A.) 
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Fig. 71. Metal rectifier with auto-transformer for d.c. armature control. 


circuits in the control panel. In Belgium, an electronically 
fed system (the “‘Motorel’’) is manufactured by A.C.E.C. 


(d) Motors Operated by Metal Rectifiers 

The advantage of the metal rectifier is its inherent 
robustness, since it consists simply of alternate layers of 
metal and alloy or metal and oxide. Provided that it is 
suitably cooled, it is extremely reliable and shock- 
resistant. Its output, however, can- 
not be controlled within the recti- 
fier itself, as with mercury-arc or LINE 
thyratron rectifiers, and it is there- nal 
fore used in conjunction with an 
a.c. controller, either an auto- 
transformer, induction regulator, 
or magnetic amplifier. These con- 
trollers, like the rectifier, require 
virtually no maintenance and are 
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(e) Motors Operated | 
netic Amplifiers 


Although magnetic amp! iers are 


Mag. 


mainly used in control ; -ar for 
Ward-Leonard systems, a umber 
of variable-speed drives usin: motors 





operated purely by magneti- ampli- 
fiers are available for low-power 
applications. The transductor has a 
variable impedance, owing, to its 
magnetic properties, and a control 
winding on the transductor core 
varies the impedance in the power 
circuit, thus effecting control of the power applied 
to the motor armature. The advantages of _ this 
type of drive include instantaneous speed of response 
and starting, as no warm-up period is required, com- 
pactness, good regulation, low cost, and wide speed 
range, e.g., 50:1. 

In the ““ Magamp ” 3-hp motor control unit, made in 
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rugged. For all but fractional 
horsepowers, magnetic amplifiers 
with a metal rectifier are more 
expensive than electronic drives, 
and their speed of response, whilst 
high, is a little slower than that of the electronic drive. 
Metal rectifiers are usually connected in “ bridge” 
fashion, as shown in Fig. 71. Selenium rectifiers up to at 
least 125 kW output are available. As an indication of 
size, a 25-kW rectifier may measure approximately 31 

25 x 79 in. and may weigh 1100 Ib. 


MOTOR 
FIELD 


Fig. 73. 








| RE 
Fig. 72. ‘*‘ Magamp ” }-hp magnetic-amplifier-operated drive used for 
the control of a multi-core cable-making machine. 

(Courtesy of The English Electric Co. Ltd.) 
Recent developments in germanium and silicon 
rectifiers suggest that this type of rectifier may soon take 
its place in the list of available equipment of this type for 

d.c. motor control. 
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Schematic circuit diagram of the } to } hp size ‘* Magne-Speed ™ 


magnetic-amplifier drive unit. : 
(Courtesy of Magnetic Amplifiers Inc.) 


the U.K. by English Electric, the magnetic-amplifier 
system is used in conjunction with a servo-loop. All d.c. 
power is obtained by full-wave rectification of the a.c. 
supply by metal rectifiers mounted in the ** Magamp ” 
cubicle. Providing stepless speed variation of the motor 
over a 30:1 range, the “* Magamp ”’ system is flexible and 
can be supplied in any one of three basic categories, i.¢., 
unidirectional speed control, bidirectional speed control, 
or tension control. A larger version, with a 3-hp rating 
and a 20:1 speed range, is also supplied by English Elec- 
tric. An example of the “* Magamp ” }-hp unit in an 
application involving the control of a multi-core cable- 
making machine is shown in Fig. 72. 





Fig. 74. Components of the } to 4 hp size ‘‘ Magne-Speed ” magnetic- 
amplifier drive unit. ; 
(Courtesy of Magnetic Amplifiers Inc.) 
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In the low-power range, speed-control systems incor- 
porating magnetic amplifiers are becoming increasingly 
popular and are manufactured all over the world. Thus, 
for example, they are also made in the U.K. by Lancashire 
Dynamo Nevelin Ltd. (the “ Varimag” unit), and in 
Germany by Siemens-Schuckert A.G. In the U.S.A., the 
“ Magne-Speed ”’ unit, made by Magnetic Amplifiers 
Inc., is available in three size ranges, i.e., 1/100 to 1/8 hp, 


+ to $ hp, and ? to 14 hp respectively. These units can be 
used with practically any standard d.c. motor within their 
ratings, and provision is made for dynamic braking and 
reversing, with local or remote control in all cases, as 
required. A schematic circuit diagram of the } to $ hp 
size ““ Magne-Speed ” drive is shown in Fig. 73, and an 
illustration of the components, giving an idea of their 
relative size, in Fig. 74. 





Conclusion 

In a survey of this type, it is quite impossible to des- 
cribe more than a fraction of the total number of systems 
commercially produced, though every effort has been 
made to detail the characteristics of the major methods of 
electrical speed control. In this connection, it would 
appear that, although present developments in the 
U.S.A. suggest that the trend towards the use of a d.c. 
motor as the final drive is the right one, the author does 
not believe that this is necessarily the case. During the 
last few years, something of a revival in fundamental 
research into the theory of electric motors has been taking 
place and, as examples of fairly recent developments, the 
following may be mentioned :— 

(a) The improvement in a.c. commutator motors, 
making commutation no more of a problem than it 
is in d.c. motors. 

(b) The development of 3:1 pole-changing motors, 
thereby extending the application of squirrel-cage 
motors. 

(c) The development of the new spherical brushless 
variable-speed motors, as described earlier. 
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Fig. 75. Effect of speed range on power/weight ratio for Schrage 


motors. 
(Courtesy of Brown, Boveri & Company Ltd.) 


Furthermore, it can be argued that any step towards 
producing motors with no rubbing contacts should be the 
right one, as this removes considerable maintenance 
trouble and results in a more robust machine. Also, it 
should be noted that, of the three developments men- 
tioned above, two are self-contained machines involving 
virtuatly no auxiliary equipment. 

From the foregoing discussion one feature emerges 
above «il others, i.e., that there is always a penalty to be 
paid f-r variable speed. Whether this penalty is the 
actual ~apital cost of the equipment, or the running and 
Mainte-ance costs, or such factors as weight, size, 
DEC -MBER, 
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efficiency of regulation, etc., or a combination of any of 
these factors, no variable drive is immune from this 
drawback. It is not surprising, therefore, that sometimes 
the problem has been tackled by designing a project to 
suit a constant-speed motor, rather than accepting the 
penalties incurred by variable speed. In some cases this is 
undoubtedly the best solution, but there are, nevertheless, 
many problems where these penalties must be paid, and 
it is here that the engineer must decide the best way in 
which this can be done. The few specific examples that 
follow serve to illustrate a few general rules which are 
concerned with demand and price. 

Fig. 75, compiled by Brown Boveri in connection with 
Schrage motors, shows the effect of speed range on 
power/weight ratio for a motor rated at 4 kW at a top 
speed of 1900 rpm (curve (1)) and another motor rated 
at 9 kW at 2100 rpm (curve (2)). From curve (1), it can 
be seen, for instance, that, if the speed range is increased 
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Fig. 76. Variation in overall length, weight, and cost of motors for 
different power outputs. 
Full lines: Schrage motors, with a 4:1 speed range. 
Dotted lines : d.c. motors. 
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TABLE III: 


COMPARISON OF VARIABLE-SPEED DRIVES GIVING 7/14 HP AT 375/750 RPM 





Efficiency [ %] 


Power factor 





Type of machine 
High-speed Middle-speed | Low-speed 
setting } setting setting 


High-speed 


Power/weight 
Low-speed ratio 
setting [hp/Ib]} 


Middle-speed 


setting setting 








Schrage motor a | | 67 

Ward-Leonard set A 60 

A.C. commutator motor . | 77 

Spherical motor 75 

Squirrel-cage motor | 

(14 hp at 500 rpm) .. | _ 
i 








0-99 0-77 0-65 
0-90 0-75 0-65 
0-84* 0-83* 0-81* 


_— 0-71 _ 

















from about 2-5:1 to 15:1, the weight of the motor is 
doubled. First cost and size are, of course, inevitably 
increased when an increase in weight is indicated. Fig. 
76 shows a relationship between power and overall 
length, weight, and cost for Schrage motors of varying 
power with a 4:1 speed range. The dotted lines in Fig. 76 
show the relationship between power and weight and cost 
for d.c. machines. For Ward-Leonard sets, two d.c. 
machines are required, plus the prime mover, so that the 
figures given for watts/lb and watts/£ should be divided by 
about 2:5 when considering a Ward-Leonard set. 
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Fig. 77. Comparison of efficiencies of a slip-ring motor, a Schrage 
motor, and a Ward-Leonard set over a 3:1 speed range. 


Fig. 77 shows the comparative efficiency of slip-ring, 
Schrage, and Ward-Leonard drives over a 3:1 speed 
range. If the speed range chosen were higher, the 
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* Taken from theoretical considerations and probably optimistic. 





+ Including 80% contingencies. 


efficiency of the slip-ring motor would be muct: lower, 
whilst the Ward-Leonard would probably gain a little on 
the Schrage. 

Although the new spherical brushless variable-speed 
motor is not yet being produced for sale commercially, 
estimates of its cost, power/weight ratio, and efficiency 
have been made for comparison with other types of 
drive. Table III shows that the new motor has advantages 
other than its robustness and brushless features, and 
also emphasizes the superiority of a conventional, 
constant-speed squirrel-cage motor both from cost and 
size considerations. 
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Flow and Fracture 
By E. R. PARKER.* (From Metal Progress, U.S.A., Vol. 72, No. 5, November 1957, pp. 65-69.) 


Any of the advances made in metallurgy during the 
past 150 years have been associated with chemical tech- 
ology. To-day, however, the position is different, 
nasmuch as metallurgy has reached the point where 
advancement depends ona knowledge of solid-state 
physics. Solid-state science will unquestionably play a 
major role in the discovery or invention of new materials, 
and will also lead to an improved understanding of the 
behaviour of existing materials, thereby extending their 
practical applications. 

The important lesson to be learned from the list of 
metals which have become important in the decade fol- 
lowing World War II, such as germanium, high-purity 
silicon, titanium, zirconium, uranium, and plutonium, is 
that a host of new materials, many of them non-metallic, 
is now appearing on the scene. There are, however, too 
many combinations of elements possible for investiga- 
tions to be made by trial-and-error methods. Even 
though actual test results will provide the background 
information necessary to select the new materials, intel- 
ligent application of basic principles is the only feasible 
means of attacking the problems ahead. 

Bearing in mind the above, this paper reviews the 
concepts of flow and fracture which have slowly deve- 
loped during the past twenty years, and shows how these 
concepts can lead to the development of new or improved 
materials, as well as providing a better understanding of 
the behaviour of those now in commercial use. 


DISLOCATIONS 

Prior to the conception of the dislocation theory, slip 
was known to take place on certain crystal planes and 
always in the direction of closest atomic packing. 
Theoretical calculations indicated that the yield strength 
of metallic crystals should be of the order of 10°, of the 
shear modulus. However, real crystals were known to 
yield at stresses of only a few pounds per square inch. 
This observed weakness could not be explained if the 
crystals were really perfect, as assumed. Prior to 1930, 
there had been some speculation that crystals usually 
were imperfect, and there was rather convincing X-ray 
evidence that this was the case. If crystals actually con- 
tained flaws, then their weakness might be explained on 
the basis of the stress concentrations existing around the 
defects. It was this sort of logic that led to the dislocation 
theory in 1934 by Taylor and Orowan. Taylor even deve- 
loped a mathematical theory based on interaction of the 
Stress fields surrounding dislocations to explain how and 
why work-hardening occurred. 

The dislocation theory was elaborated slowly during 
the first decade of its existence. It was generally accepted 
as a theoretically satisfactory tool, but there was no 
direct experimental evidence to confirm its validity. To- 
day, experimental techniques have improved at an almost 
unbelievable rate and the modern electron microscope 
can ‘atch individual dislocations move within metal 
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crystals. Other experiments with transparent ionic cry- 
stals have further confirmed the existence of dislocations 
and the theoretical predictions of their behaviour. 

The newly developed experimental techniques and 
refined predictions of the theory have led to an under- 
standing of the causes of such phenomena as strain- 
hardening, creep, yield point, solution-hardening, preci- 
pitation-hardeaing, and grain size effects. Not quite 
matured, but developing rapidly, is an understanding of 
fracture phenomena, such as cleavage and ductile frac- 
ture, fatigue, intergranular cracking, and stress- corrosion 
cracking. 


STRAIN-HARDENING 

It now appears that the answer to the question 
regarding what occurs in a metal to make it harder and 
stronger has at last been found. Experiments with single 
metal crystals strained in simple shear have shown that 
dislocations moving through a crystal lattice under the 
action of a shear stress are occasionally retarded by 
barriers encountered in their progress. Various kinds of 
imperfections or discontinuities can act as barriers, e.g., 
other dislocations, grain or sub-boundaries, and particles 
of a second phase. 

Experiments have shown that, when slip occurs on 
only one slip plane and in a single direction, the resulting 
strain-hardening is due entirely to entanglement of dis- 
locations at barriers. Dislocations tend to loop around 
these barriers, but the trapped dislocations are retarded, 
and the stress must be increased before flow can continue. 
Technically speaking, the trapped dislocations produce a 
‘“‘ back stress’ in opposition to the applied stress, and 
the applied stress must increase if flow is to continue. 
One important cause of work-hardening is this back 
stress. 

There seems to be only one other major contribution 
to work-hardening, i.e., that due to the combination of 
two dislocations originating on different slip systems. 
When two such dislocations meet, they combine to form 
a new dislocation having a slip vector in a direction 
different from that of either of the reacting dislocations 
and often in a direction where the lattice is unreceptive to 
slip. Combined dislocations form lattice discontinuities 
which moving dislocations can penetrate only with ex- 
treme difficulty. Thus, when slip occurs on more 
than one slip system, new barriers to moving dislocations 
are continuously being generated during the flow process, 
and this phenomenon contributes to strain-hardening. 

When a metal is deformed at room temperature and 
then reheated to successively higher temperatures, several 
changes occur to relieve the acquired state of strain. Dis- 
location loops that have expanded outward from their 
source and have been held up by barriers tend to collapse, 
gradually becoming smaller and finally disappearing back 


* This article is based on a digest of the Campbell Memorial 
Lecture presented by the author before the A.S.M. in November 1957. 
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into the source whence they came. This process happens 
rather easily and quickly. It has little effect on the hard- 
ness or strength of the metal, but reduces internal stresses 
substantially and improves electrical conductivity. 

A second process is the annihilation of dislocations 
by the combination of pairs of opposite sign. This process 
generally requires the movement of the dislocations in the 
direction perpendicular to the slip plane—a process 
known as “ climb ”, which involves the condensation of 
vacancies or extra atoms on the dislocation line. The 
climb process is diffusion-controlled, and hence the rate 
of climb versus temperature follows an exponential 
relationship. 

A third phenomenon contributing to recovery is the 
formation of a substructure due to the collection of like 
dislocations in boundary walls, usually forming on sur- 
faces perpendicular to the slip plane. As predicted by 
theory, such an array constitutes a low-energy con- 
figuration of dislocations. Climb is also involved in sub- 
boundary formation, so that this formation is also 
diffusion-controlled. 


CREEP 

During the past five years it has become increasingly 

clear from theory and experiment that creep is controlled 
by dislocation climb, which in turn is controlled by self- 
diffusion. Tie activation energies found for the creep of 
almost all metals coincide with those for self-diffusion. 
Furthermore, simple single-crystal experiments have 
shown that the dislocations stopped by barriers at low 
temperatures are only temporarily retarded at creep 
temperatures. X-ray evidence has shown clearly that 
dislocation climb and substructure formation are associ- 
ated with high-temperature creep. Thus, in recent years 
experiments have shown that the rate-controlling process 
is dislocation climb, and climb is necessary to permit dis- 
locations to move past the barciers that stopped them. 

Most of the theories formulated to date have been 
based on the assumption that the source had to be 
thermally activated or that the movement through the 
lattice required thermal activation. Since the rate-con- 
trolling step is the escape of dislocations at trapping 
barriers, any theory based on these assumptions cannot 
be correct. Only within the past two years has a reason- 
able theory been formulated with the assumption that 
climb is the rate-limiting step. 

The shape of the creep curve has recently been ex- 
plained, and it is now possible to control the curve shape, 
changing it from its normal concave downward con- 
figuration to a straight line, or even reversing its direction 
of curvature. This can be done with simple procedures 
which produce subtle changes in the structure of the 
material. 


SOLUTION-HARDENING 

Exactly what happens within an alloy to make it 
harder and stronger than the base metal is still a matter 
for speculation, but it seems rather clear now that solu- 
tion-hardening is due to the interaction of solute atoms 
with dislocations. Just how and why these interactions 
occur is the problem. Experiments with steel have shown 
that the yield point is due to dissolved carbon or nitrogen 
concentrated in dislocation walls or grain boundaries 
which stop the movement of dislocations. The shorter 
the distance between the pinned barriers, the higher is 
the yield strength. 

The mechanism of substitutional solution-hardening 
has been more obscure. A number of theories have been 
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advanced but none has been verified experi ientally 
Recent experiments with alloy single crystals inc ate tha 
the hardening process is similar to that for i> ierstitia) 
alloys, i.e., it is due to the interaction of solu ¢ atoms 
with substructure boundaries. The evidence is clear that 
solution-hardening is caused neither by the p‘ ining or 
deactivation of the source nor by retardatior of dis. 
locations as they move through the relatively periect por. 
tions of the lattice. 

Solution-hardening has been shown to be structure. 
sensitive, and so it is now clear that this phenomenon 
cannot properly be described by a simple general 
mathematical law. 


HARDENING IN TWO-PHASE SYSTEMS 


The cause of hardening in two-phase systems has not 
been elucidated to any significant extent, principally 
because solution-hardening has been so puzzling. Plastic 
flow must still occur in a ductile matrix in which are dis- 
persed hard brittle particles. Unless the flow and strain- 
hardening processes occurring in a saturated solid solu- 
tion (the matrix) could be clearly understood, it would 
obviously be impossible to understand how such a sub- 
stance could flow when it contained a dispersed second 
phase. Now that an understanding of the mechanism of 
solution-hardening seems to be at hand, the problem of 
plastic flow in a two-phase system can be attacked with 
some assurance of success. This, however, has not been 
done as yet. 


FRACTURE 


There is a number of different kinds of fracture, 
including cleavage, shear, fatigue, intergranular, and 
stress-corrosion fractures. Fracture is known to be a 
two-stage process involving nucleation of a crack and 
growth of a crack. Theories describing growth processes 
are relatively simple to devise ; indeed, a number has 
already been formulated. It is the crack nucleation that 
presents the real problem at present. 

Recent work on the origin of fracture nuclei in fatigue 
has been illuminating. Experiments have shown that, at 
least with some metals, cracks develop on the surface, 
because flow occurs successively on two slip planes 
intersecting one another near a free surface. Periodic 
removal of the surface layers prolongs fatigue life inde- 
finitely. In other experiments, single crystals of zinc were 
subjected to reversed cycles of simple shear ; in a room- 
temperature test, with a strain amplitude of 1%, the 
crystal was unharmed, even after 3 x 10° cycles. 

Some of the conditions necessary to avoid or to cause 
fatigue have been disclosed, and it seems that an under- 
standing of the basic processes leading to fatigue will 
soon be forthcoming. However, with regard to ductile 
shear-type fractures and stress-corrosion cracking, the 
theoretical picture is sti]l vague and unsatisfactory. Both 
of these processes involve nucleation and growth of 
cracks, but at present there is no acceptable picture of 
how cracks get started or how they grow. 


Non-METALLIC CRYSTALS 

From the accumulated knowledge of flow and fracture 
processes, it seemed reasonable to conclude that certain 
non-metallic materials, particularly cubic ionic crystals, 
should exhibit plastic properties like those normally 
associated with metals. Earlier work on sodium chloride 
and on silver chloride strongly supported this conclusion. 
A rather large fundamental programme has recently been 

(Concluded on page 576) 
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SWEDEN 


Stress Corrosion in Austenitic Steel by Nitrates 
By O. LissNeR. (From ASEA Journal, Vol. 30, No. 5, 1957, pp. 85-91, 13 illustrations.) 


In this article, an account is given of the investigations carried out as a result of the fracture of an end 

bell from a turbo-generator set. Proof is given that this fracture was the result of stress corrosion caused 

by the presence of nitrates, an interesting and surprising fact which shows that the phenomenon is quite 

unlike all previously known end-bell faults. Questions concerning the choice of material and precautionary 
measures are also discussed. 


In 1955, an explosion occurred in the exciter end of one 
of the three turbo-generator sets at the Vaal Power Station 
in South Africa. The set consisted of a 33-MW steam 
turbine of the STAL double-rotation radial-flow type, 
coupled to two ASEA turbo-type generators, each with 
an output of 20 MVA at 1500 rpm. At the time of the 
accident, the set had been in service for a total period of 
about 71,000 hr, and, in addition, had undergone 236 
starting operations and 113 overspeed tests. 

Inspection revealed that a certain amount of damage 
had been caused in the ventilator drum in the basement 
and that the rotor-coil ends, stator-coil ends, and certain 
parts of the supporting structure were completely 
destroyed. The inner housing, constructed of silumin, 
was broken into small pieces, but the outer cast-iron 
housing was able to contain all the damaged parts. The 
end bell (retaining ring), which remained hanging on the 
generator shaft, proved to be cracked, the fracture run- 
ning right through two ventilating holes, as shown in 
Fig. 1. It was evident that the fracture in the end bell was 
the primary cause of the breakdown, and the investig- 
ation was limited, therefore, to a study of the origin of 
the fracture. 

After the fractured end bell had been removed and 
cleaned, it was noted that the surfaces of the fracture 
were separated about 60 cm from one another, and that 
the fracture appeared to be of a brittle nature. In 
addition, a large number of cracks could be observed on 
both the outside and inside of the end bell. Cracks could 
be seen at all the ventilating holes adjacent to the outer 
ting end, while a few were also present at several other 
holes. Furthermore, there was a network of numerous 
fine, but very extensive, cracks on the smooth surfaces of 
both the inside and outside of the end bell. These latter 
cracks branched out in various directions, but all showed 
a general tendency to spread out axially and had no 
connection with the ventilating holes. Examination of the 
remaining three end bells of the damaged set revealed 
that they also had a large number of cracks. 


CHOICE OF MATERIALS FOR END BELLS 

Austenitic non-magnetic steels have been used for 
several decades in Europe for the manufacture of end 
bells for turbo-type generators. Nowadays, of course, 
only cold-expansion methods of manufacture are em- 
employed, i.e., conical or expanding tools are used and 
the temperature is not allowed to rise above 400°C after 
the roughly forged rings have been annealed. However, 
end bells were originally constructed by the hot-cold 
forging process, i.e., they were forged with the aid of a 
mandrel at an elevated temperature of about 600°C, and 
this method was still in use when the Vaal end bells were 
manufactured. With this method, which has now been 
discontinued, heating up to, and forging from, about 
620°C teads to considerable carbide precipitations at the 
grain boundary of the austenitic material used (Fig. 2). 
This can cause a marked reduction in the ductility of the 
materia! In the case of the Vaal end bells, relatively 
low c»ctility was obtained. If, in addition, there are 
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Fig. 1. View of the fractured en 


certain areas of high stress concentration, e.g., around the 
ventilating holes in end bells, there is a danger of brittle 
fracture. 


INVESTIGATIONS OF THE CRACKS IN THE END BELLS 


In order to find out the cause of the fracture and the 
formation of cracks in the end bells, a study of the cracks, 
their origin, depth, appearance, nature, and especially 
their development in the material was carried out. A 
record was therefore made of all the cracks on the four 
end bells from the set which failed. 





Fig. 2. Micro-structure of the fractured end bell. ( x 625) 

On the two end bells of the generator which broke 
down, detailed examination showed not only large and 
partly open cracks extending from the edges of the ventil- 
ating holes, but also an extremely large number of fine 
cracks, which often developed into continucus networks. 
These networks formed a ring on the outside of the end 
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bells, adjacent to the chamfered edge, while those on the 
inside were mainly located in the spaces between the coil 
ends. The coil ends were protected with U-sections of 
aluminium, which surrounded the turns and were in 
direct contact with the end bells. The two end bells from 
the other generator in the same set had basically the same 
appearance, even if there were slightly fewer cracks. It 
was not possible, however, to detect any networks of 
cracks on the inside of these end bells in the spaces 
between the coils. 

Similar observations have been made by other 
investigators, especially the manufacturers of end bells. 
Thus, the same type of crack formation has been noted 
on several older end bells in the course of routine inspec- 
tion of generators. In these cases, it has been possible to 
avoid breakdown by replacing the end bells. Examin- 
ations of such end bells, which have been carried out in 
Austria, Germany, and Great Britain, have all shown that 
stress corrosion has been the cause of these cracks. 
Indeed, it has even been reported that stress corrosion 
has been noticed on end bells which have merely been 
kept in store for a certain period in a humid atmosphere. 
When these end bells were to be used, crack formations 
were observed, which, as is the case with all other 
examples of stress corrosion in end bells known up to 
now, were caused by the presence of chlorides, in con- 
junction with humidity and high residual stresses. 





Fig. 3. View of fracture on an end-bell section with cracks, after 
being submitted to a fracture test in a hydraulic forging press. 

Several samples, about 500 mm long and 200 mm 
wide, were cut from the end bell which had failed. These 
were placed in a hydraulic forging press and bent until 
they burst. Fine cracks opened out in many places, and 
the fractures developed from one, or more, of the largest 
cracks. A yellowish-brown colouring was then noticed 
in the opened cracks, as well as on the surface of the 
fracture. The coloured surface gave an indication of the 
depth of the cracks, which amounted to from 10 to 12 
mm. One such fracture from one of the tests is shown in 
Fig. 3. 

The supposition that the formation of cracks was 
caused by stress corrosion was now considerably strength- 
ened. This hypothesis could not, however, be directly 
proved by chemical analyses. 

A microscopic examination carried out later showed 
that the cracks, in every case, progressed in a purely 
intergranular manner, i.e., limited to the grain bound- 
aries. Such a purely intergranular development of a 
crack in the fractured end bell is shown in Fig. 4. 

Chlorides, however, only give rise to cracks with a 
purely transgranular progress, i.e., right across the grains. 
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Fig. 4. Development (intergranular) of a crack in the fractured 
end bell. (90) 

Several tests carried out on the material available con. 

firmed this fact. In this connection, Fig. 5 is an example 

of stress-corrosion cracks caused by chlorides in a sample 

taken from the fractured end bell, using a tuning-fork 

test in a solution of boiling 42°, HgCl. 

As a corrosive agent which causes intergranular 
stress corrosion in this type of steel was hitherto un- 
known, a number of experiments were carried out with 
different corrosive media, as described later. 


BRITTLE-FRACTURE AND FATIGUE TESTS 


Brittle-fracture tests, which were performed on 
notched round bars, gave no indication of any great 
tendency in the material to brittle fracture, and it was 
therefore concluded that the failure could not have been 
caused by this phenomenon. The large number of cracks 
in the four end belis implied that it was a question of a 
slowly developing growth of cracks, and that such a 
phenomenon could not be associated with brittle fracture 

Fatigue tests were carried out on fairly large segments 





Fig. 5. Stress-corrosion cracks due to chlorides in a sample taken 
from the fractured end bell. (x 225) 
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cut from the end bells. These samples were subjected to 
pulsating bending stresses of up to about 31 tsi. Nota 
single case of fatigue fracture was obtained after 20,000 
such cycles. Moreover, similar tests on smaller bars did 
not yield especially low fatigue-resistance values. 


STRESS-CORROSION TESTS 

The theory already mentioned that stress corrosion 
was the origin of the fracture cf the end bell resulted in a 
rather extensive investigation with the object of dis- 
covering the specific corrosive agent which leads to inter- 
granular corrosion in this type of austenitic steel. 

There is only a limited number of corrosive media 
available for testing austenitic steel when investigating 
stress corrosion. Four reagents were used, i.e., (1) a 
slightly acid solution of 2% FeCls ; (2) a solution of 
3% NaCl at 80°C ; (3) a solution of 60% CaCle and 
0:1% HgCl, which is slightly acid and has an oxidizing 
action, owing to the HgCl ; and (4) a solution of 0-1 N 
HCl and 1% FeCls, which especially attacks martensite. 
However, none of these reagents reproduced the typical 
intergranular stress corrosion experienced with the Vaal 
end bells. 

Samples from the end bells were finally tested in a 
solution of calcium-ammonium nitrate. A solution with 
36% calcium nitrate and 3% ammonium nitrate having a 
boiling point of 105°C was employed in these tests. 
Striking results were obtained, since all the known steels 
used for end bells showed crack formations after a very 
short time, compared with ordinary carbon steel. The 
development of the stress-corrosion cracks was purely 
intergranular, as can be seen in Fig. 6, in which a bending 
stress of 19 tsi produced cracks in a test sample from the 
fractured end bell in 44 hr. 

A manganese-chromium steel also developed inter- 
granular cracks. Bending stresses of about 19 and 29 tsi 
within the range of the operating stresses brought about 
stress-corrosion fractures within 50 hr. At 41 tsi, the life 
was reduced to about 2 hr. Finally, it was possible to 
prove that stress corrosion could take place even in very 
dilute solutions of calcium-ammonium nitrate. 


THE ORIGIN OF NITRATE CORROSION 

The formation of nitrates in high-voltage generators 
could indeed be attributed to corona phenomena and the 
subsequent formation of ozone and the oxidation of 
nitrogen. Chemical analyses, however, on the end bells 
from the set which failed did not give any indication 
of nitrates. Since the end bells were cleaned and greased 
before they were dispatched from South Africa and then 
later degreased, this was nevertheless not a valid proof 
to the contrary. 

Finally, it was decided to carry out an examination 
of the deposits formed at the coldest spot in the ventilating 
system of the generator, i.e., on the lower cooling pipes 
in the air-cooler. 

There were no difficulties in carrying out this examin- 
ation on several Swedish generators, but the results were 
negative. Samples of the deposits from the Vaal machines 
were then sent to Sweden and large amounts of nitrates 
were discovered. Chemical analyses gave positive results, 
and an additional check by means of X-ray diffraction 
gave added confirmation to the results already obtained. 

The reason for the fracture was now clear, but there 
Was sti!! no explanation as to why this type of stress corro- 
Sion hai arisen in only one of the Vaal sets. In the case 
of mors recently built generators, the risk could be 
Tegarde| as being considerably less, the latter being pro- 
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Fig. 6. Stress-corrosion cracks in a sample from the fractured end 
bell, tested in a solution of calcium-ammonium nitrate. (50) 
vided with more effective corona protection, which radic- 
ally reduces the corona effect and the subsequent form- 
ation of nitrates. The explanation was finally found in 
the fact that the nitrate deposits proved to be much more 
extensive i the set which broke down than in the other 
sets. The reason why the nitrate deposits were much more 
pronounced in the one Vaal set than in the other two, 
and in the Vaal Power Station as a whole, compared with 
other power stations, could not, however, be explained. 

PRECAUTIONS AGAINST STRESS CORROSION 

It is a very complicated problem to eliminate the risk 
of stress corrosion caused by nitrates on all the known 
materials used for end bells, as long as the nitrates are 
formed in relatively large quantities. The pronounced 
development of nitrates in the Vaal Power Station is, 
however, unique. Various Swedish power stations, where 
the ozone concentration in the cooling air is relatively 
high, have also been investigated. No traces of nitrates 
were found on the air-coolers. One measure is, of course, 
to provide effective corona protection. The corona 
phenomenon does not give rise, however, to any aggres- 
sive products in hydrogen-cooled machines. 

The risk of stress corrosion can be reduced if the yield 
point of the material is lowered. Ventilating holes in- 
crease the mean stress in the end bell and, in addition, 
points of excessive residual stress are liable to occur 
around the holes. The temperature rise for the Vaal 
rotor was so low that new end bells without any holes 
could be used. 

It should nevertheless be emphasized that the elimina- 
tion of the ventilating holes is primarily intended to 
reduce the risk of brittle fracture. The cold-expanded, 
non-magnetic end-bell material used for generators with 
a moderate peripheral speed tan be processed in such a 
way that an extremely ductile and even quality is ob- 
tainvd. In this way, the local stress concentrations 
around the ventilating holes are equalized, owing to 
plastic deformation. When the peripheral speed of the 
rotor is very high, the degree of cold working of the end- 
bell material must be increased. As a result, the ductility 
of the material is reduced to such an extent that it is 
preferable to use a system where ventilating holes are 
not required. This will also delay slightly the formation 
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of cracks, if the material is subjected to stress corrosion. 

Stress-relieving annealing has been introduced, and 
this reduces the internal stresses in the material. Finally, 
the application of cathodic protection, e.g., a coating of 
varnish with a high zinc content, can greatly diminish 
the risk of stress corrosion. The inside of the new Vaal 
end bells has been treated in this manner, since it is easy 
to apply a durable coating. Treatment of the outside of 
the end bells is, however, a more difficult problem. This 
has not been done in the case of the Vaal generators ; 
instead, a regular inspection is proposed. Since the 
investigations of the Vaal generators have shown that 
the formation and growth of cracks have developed 
very slowly, it is possible to discover by carrying out 
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an inspection in good time any signs of stress ©. :rosion 
and, if necessary, replace any end bells of « subtfy) 
quality. 

The question now arises about the possi lity of 
developing new end-bell materials which are «ot sep. 
sitive to stress corrosion, whether caused by © ilorides 
or nitrates. It is the author’s opinion that this ~9al can 
be achieved if stainless austenitic steel, with a ch:romium 
content of more than 12% and with a considerably lower 
supersaturation with carbon (i.e., less than 0:2°, C) is 
used. Satisfactory results have already been chtained 
with a steel containing 0:2% C, 12% Cr, 12% Ni, and 
6% Mn. A nickel-free steel containing 0-08-0:20% ¢ 
12% Cr, and 20-24% Mn also appears to be promising. 


Thermoplastic Materials for Pipes 


By P. M. Ettiotr. (From Corrosion, Vol. 13, No. 10, October 1957, pp. 49-55, 8 illustrations.) 


Prastics, with their low specific gravity, generally good 
chemical resistance, good electrical properties, and 
general ease of handling, are obvious raw materials for 
piping, and it is not surprising that during the last decade 
ever-increasing amounts of plastic materials have been 
used for pipe production. The currently important 
thermoplastics for this purpose are polyethylene, acry- 
lonitrile copolymer-blend compounds, cellulose acetate 
butyrate, polyvinyl chloride, and polyvinylidene chloride. 
It is expected that large amounts of polyethylene will 
continue to be used, but the special properties of other 
materials, notably polyvinyl chloride and acrylonitrile 
copolymer-blend materials, are expected to increase their 
share of the total market. 


GENERAL PROPERTIES OF PLASTIC PIPES 


As a class, plastic materials have certain general 
advantages relative to the metals commonly used for 
pipe production. Plastics have considerably lower 
density than even aluminium ; hence, plastic pipe is light 
in weight, which makes it easy to handle, easy to ship, 
and easy to store. The generally good electrical properties 
of plastic materials eliminate the electrolytic effects 
which are proving so troublesome in many pipe installa- 
tions. Even metals that are not attacked by direct corro- 
sive action may be damaged by electrolysis. Plastics in 
general are not subject to “corrosion”. Resistance to 
acids, alkalis, salts, and oxidizing media vary widely 
from material to material, but many of the plastic pipe 
materials have good general chemical resistance. This is 
of importance from the consideration not only of the 
materials being carried within the pipe but also of the 
external surroundings. 

Plastics, in general, have little or no tendency to intro- 
duce contamination into materials being transported. In 
metal pipes, rates of solution which may not be serious 
from the point of pipe corrosion may still be detrimental 
because of the catalytic effects of many metal ions, even at 
low concentrations. 

From the standpoint of long-term economy, plastics 
frequently have an advantage over metal pipe. Even in 
cases where the initial cost per foot of the plastic pipe 
may be higher than for some other types of pipe, the ease 
of installation and long life expectancy of plastic pipe 
add up to a more economical installation than a corres- 
ponding metal piping system. 

It should be remembered, however, that plastic piping 
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has certain definite limitations. The thermoplastic pipe 
materials in general have considerably lower tensile 
strength than the metals. As a result, plastic piping is 
limited to low- or moderate-pressure installations. 

The fact that thermoplastics soften when heated 
means that they lose strength as temperature is raised, 
so that the upper temperature limit of serviceability is 
relatively low. Even the best present thermoplastic pipes 
usually are not recommended for use at temperatures 
above 170°F in applications where there is much, if any, 
internal pressure. A few experimental installations have 
been made at temperatures as high as perhaps 220°F, but 
this is certainly an upper limit for current pipe materials. 

As mentioned above, the chemical resistance of each 
materia! is an inherent characteristic. The choice of pipe 
material will be dictated by the chemicals with which it 
is to come into contact and must be the subject of careful 
study. In many cases, the material manufacturer and the 
pipe producer will not have definite information on the 
resistance of a given pipe material to a specific set of 
corrosive conditions. It then becomes necessary for the 
purchaser to make a test installation or to take a calcu- 
lated risk on the basis of the information available. 

The moderate stiffness of thermoplastic pipe mater- 
ials, plus the fact that they are subject to flow when 
stressed (particularly if the temperature is high), means 
that extra care must be taken in the support of above- 
ground installations. Another factor which has fre- 
quently been overlooked and which has caused failure in 
some pipe installations is the relatively high coefficient 
of thermal expansion of plastic materials. Most thermo- 
plastics have coefficients of thermal expansion at least 
five times that of steel and, for some materials, the differ- 
ence may be as high as fifteen times. 


JOINING OF PLASTIC PIPE 


The lack of availability of suitable fittings and valves 
for use with plastic pipe has been and continues to be 4 
problem in the growth of many applications. In the 
early application of plastics in the piping field in the 
U.S.A., much flexible material was used. The pipe was 
made available in long coiled lengths which, among other 
things, decreased the number of fittings required in any 
given installation. Metal insert fittings and metal clamps 
were used to fasten together the individual lengths of 
pipe. As suitable injection-moulding compounds became 
available, plastic fittings were developed, and most 
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fexible pipe is now joined with plastic insert fittings. 
Metal clamping bands are still commonly used. 

For the joining of rigid pipes, several methods have 
been employed. Thus, for a number of the heavier-wall 
pipes, standard threaded fitments of type II PVC and 
polyvinylidene chloride have been used successfully. It 
has been found that ordinary pipe-threading equipment, 
ifused with reasonable care, will form suitable threads on 
these pipes. Another method of joining rigid pipes is by 
solvent or cement welding. This method is particularly 
suitable for thinner-wall pipes. 


TEMPERATURE EFFECTS 
Since the materials under discussion are all thermo- 
plastic and therefore soften with increasing temperature, 
it is obvious that temperature must have a significant 
influence on strength characteristics. 
TABLE I: Upper TEMPERATURE LIMITS 














; Recommended bs 
Material Range Upper Limit 

Urs "FI 
Polyethylene 105-130 120 
Acrylonitrile copolymer blends 150-180 170 
Polyvinyl chloride, type I 130-170 145 
Polyvinyl chloride, type IT 130-170 140 
Cellulose acetate butyrate 140-160 140 
Polyvinylidene chloride 100-170 —-- 





On the basis of the figures obtained in various tests, 
coupled with “‘ case histories ” of actual installations, the 
upper limits for the use of various pipes have been pub- 
lished on various occasions. Recommended upper tem- 
perature limits are listed in TaLie I for various materials. 


LONG-TERM EFFECTS 


It has long been known that plastic pipe materials, 
like many others, cannot sustain for long periods the 
stress levels determined in short-time tensile tests. At 
stresses considerably below the tensile-strength values, 
the materials are subject to creep or may even fail by 
complete rupture. 

As an example of the significance of long-term effective 
tensile-strength figures, a series of tests on acrylonitrile 
copolymer-blend materials has shown that, if pressure in 
the pipe is increased rapidly enough to cause bursting in 
about 30 sec, the fibre stress at bursting is 5400 psi. If, 
however, the pressure increase is less rapid, so that the 
duration of the test is 5 min, the fibre stress at bursting is 
about 4900 psi. it is obvious, then, that extension of such 
a test to a point where bursting would take place in, say, 
- years would give a figure considerably below this 
evel. 

As a result of tests carried out by the author on pipes 
made of acrylonitrile copolymer blends, stressed at 
various levels and held under pressure to see how long 
they would last, it is predicted that, at a fibre stress of 
1550 psi, such a pipe would have an average life of one 
year, while, at a fibre stress of 1330 psi, the minimum 
average life should be ten years. On the basis of such 
data, together with available field experience, the long- 
term effective tensile strength of the acrylonitrile copo- 
lymer-blend material now used in the production of pipe 
has been set at 1220 psi at 73°F. 

_ Similar results have been obtained by various other 
investigators, but it may be said that, because of differ- 
ences in temperature and even in the materials tested, it is 
impossible at the present time to correlate the various 
figures obtained with the data gathered. 
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APPLICATIONS OF PLASTIC PIPE 


In considering the applications of the various thermo- 
plastics in the field of plastic piping, it is necessary to 
differentiate between the different types, taking into 
account their general physical properties and chemical- 
resistance characteristics. The special features of the 
various materials also will be considered. 


Polyethylene :— 


Polyethlyene, because of its lower modulus, is norm- 
ally classified separately from the other thermoplastic 
pipe materials, since it gives a ‘‘ flexible ’ pipe rather than 
a truly rigid one. Currently, polyethylene is used in the 
largest volume of any plastic pipe material. It has the 
lowest specific gravity and the lowest cost per pound, 
and its flexible nature and toughness over a wide temper- 
ature range permit exposure to freezing without damage. 
Polyethylene in sizes up to 2 in. is at present supplied in 
long coil lengths, thus permitting economy in installation 
of long lines through reduction in the number of joints 
required and the time necessary for laying the pipe. The 
relatively low tensile strength and low softening point of 
polyethylene limit its use to moderate pressures and 
temperatures, and its softness makes it susceptible to 
cutting damage in handling or in burial. Polyethylene 
has excellent corrosion resistance to practically all acids, 
alkalis, and salt solutions, except strong oxidizing media. 
It is, however, susceptible to a phenomenon of stress 
cracking which is accentuated by certain polyoxy- 
ethylene-type organic materials. 

The main applications of polyethylene are in handling 
cold water. It is used in a large number of jet-well instal- 
lations and in many rural domestic and farm water 
systems. Lawn sprinkler systems and large irrigation 
systems are using large amounts of polyethylene, and it 
has found favour in handling corrosive waters in applic- 
ations such as mine drainage. Its good low-temperature 
properties have permitted its use as cooling coils in 
skating rinks, and it also has been used as the heating 
coils in radiant-heating installations, in which it gains 
support by being buried in concrete. 


Acrylonitrile Copolymer Blends :— 


The acrylonitrile copolymer blends were the first 
commercial products to offer the pipe extruder a truly 
hard rigid material that was also tough. Besides their 
unique combination of hardness and high impact, these 
plastics have excellent chemical resistance and have a 
considerably lower specific gravity than any of the other 
rigid pipe materials. In addition, they have high heat 
distortion temperature and so retain usable strength at 
higher temperatures. In plant operations it has been 
found that the materials can be reprocessed without 
deterioration of properties, unless they are subjected to 
extreme conditions. The acrylonitrile copolymer-blend 
compounds thus offer an unusual combination of pro- 
perties which has resulted in a continued rapid increase 
in the use of these materials for piping. 


Cellulose Acetate Butyrate :— 


Cellulose acetate butyrate gives what might really 
be called a semi-rigid pipe. It is intermediate in the field 
of non-flexible pipe materials in weight or density and 
has moderate chemical resistance, being decomposed by 
strong acids and alkalis. Although usually pigmented 
black, it can be produced as a clear transparent pipe, and 
this has opened up certain special applications. It has 
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generally good ageing characteristics, although even at 
moderate pressures and temperature the pipe tends to 
creep or increase in diameter. Cellulose acetate butyrate 
has been used extensively in the oil and natural-gas fields. 
It has been particularly useful in handling high paraffin 
crudes, where it shows less tendency towards paraffin 
build-up. 


Polyvinyl Chloride :— 

There are two main classes of rigid polyvinyl chloride 
pipe compounds currently in use, i.e., Type I “* normal 
impact ’’, and Type II “* high impact ’’. The latter is the 
latest addition in the U.S.A. to the field of rigid pipe manu- 
facture, although materials of the normal-impact type 
have been used in Europe for almost twenty years. 
Polyvinyl chloride has a relatively high density, high 
strength, generally excellent chemical resistance, good 
ageing characteristics, and is self-extinguishing. Because 
of thermal instability at temperatures slightly above 
normal processing conditions, this material offers prob- 
ems in the production of piping and fittings. 

The Type I material may be relatively brittle and, 
under some conditions, particularly if reworked material 
is used, its chemical and solvent resistance may be affected. 
The Type II material is much tougher than Type I com- 
pounds but, because of added compounding ingredients, 
has slightly decreased chemical and solvent resistance. 
The long history of use of polyvinyl chloride in Europe has 
been restricted largely to chemical-plant installations. 
Its rapidly expanding use in the U.S.A. includes not 
only chemical-plant installations but also extensive 
application in oil fields as flow and brine disposal lines, 
for handling natural gas, and for many applications in 
the handling of clean or corrosive waters. 


Polyvinylidene Chloride :— 

Polyvinylidene chloride is probably the oldest 
thermoplastic pipe material in America, insofar as use is 
concerned. It has long been produced in heavy wall sizes 
for chemical plants or other locations where its excellent 
corrosion resistance outweighs the disadvantage of 
extreme brittleness. It has the highest specific gravity of 
the plastic pipe materials and a very high coefficient of 
thermal expansion. It has been joined by the use of 
threaded fittings and also by hot gas welding. This 
material is non-inflammable, and, in addition to its use 
as extruded pipe in the chemical industry, it has found 
considerable application as a chemical-resistant lining for 
steel pipe. 


New DEVELOPMENTS 


Several materials give promise of becoming factors 
in the field of plastic piping, details of these being as 
follows : 


Low-Pressure Polyethylene :— 

The low-pressure polyethylenes made by the various 
widely publicized new techniques will undoubtedly find 
some use as plastic piping. They are considerably stronger 
in short-term tests than standard polyethylene, but it 
now appears that the long-term effective tensile strength 
of the low-pressure materials is likely to be only about 
twice that of the standard material. Low-pressure poly- 
ethylene has a higher softening point than the standard 
polyethylene, but published comments on its heat re- 
sistance appear to be over-optimistic. Its increased stiff- 
ness will take it out of the class of flexible pipe into a 
semi-rigid type, so that insert fittings such as those used 
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with standard material will not be satisfacto:.. This 
poses a considerable problem in the joining of ¢ ¢ made 
with low-pressure polyethylene. 


Irradiated Polyethylene :— 


The exposure of polyethylene to high-inten: ty raqi- 
ation brings about a type of “ cure ”’, especially hen the 
material is loaded with carbon black. Such cured 
material is more chemically resistant and hes higher 
strength and less creep than standard polyethylene. 
Although the pipe is originally formed by thermoplastic 
extrusion techniques, the irradiation in effect thermosets 
the material, so that it will no longer melt. Irradiated 
polyethylene has been reported to have strengths as high 
as 500 psi at 300°F. The high carbon-black content of 
the irradiated material makes it electrically conductive, a 
fact which again sets it apart from most plastic materials, 
The economics of the irradiation process, and hence the 
eventual applicability in the field of pipe production, are 
still uncertain. 


Fluorinated Hydrocarbons :— 


Recent advances in the processing of tetrafluoro- 
ethylene and _ chlorotrifluoroethylene have aroused 
interest in these materials for use in pipes subjected to 
unusual corrosive conditions. Costs are still extremely 
high, compared with other plastic materials, so that the 
market will of necessity be relatively restricted. 


Improved Materials :— 


Considerable research is being expended in many 
laboratories on improvements in current pipe materials. 
Changes in the basic polyvinyl chloride polymer and 
methods of stabilization and internal lubrication can be 
expected to result in better PVC pipe materials. The 
acrylonitrile copolymer-blend system is an extensive 
family of plastics, and other members of this family will 
give stronger pipe materials serviceable over a wider 
temperature range. Modifications of current materials, 
such as the terpolymers of acrylonitrile, butadiene, and 
styrene, can be expected to give products with a new 
combination of properties which may prove valuable as 
raw materials for plastic pipe. The tremendous effort 
being put into the study of ethylene polymerization is 
expected to result in greatly increased knowledge of 
means of improving the overall performance of the 
various types of polyethylene. 





Flow and Fracture 


(Concluded from page 570) 


initiated to investigate the possibility of making certain 
refractory ceramic materials which would be ductile at 
room temperature, and the early results have been en- 
couraging. Many cubic ionic crystals have been tested, 
and to date all have been found to be ductile or capable 
of being made ductile at 70°F. 

The most encouraging results of all are those obtained 
with magnesium oxide. Single crystals can be bent 
through substantial angles without fracture at room 
temperature, and surface elongations up to 20°., have 
been obtained in some of the bend tests. There is a good 
chance that a number of useful ductile ceramic materials 
will be developed within the next few years. 
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Surface Rolling as a Method of Increasing the Fatigue 
Strength of Gears 


By A. A. Novik and M. S. BALTER. (From Vestnik Mashinostroyeniya, No. 10, 1957, pp. 65-68, 
9 illustrations.) 


Tue investigation described in this paper is concerned 
with the driven: gearwheel on the bogie axle of a diesel 
locomotive. The wheel meshes with the pinion of the 
drive motor, which is supported by an elastic mounting 
on the cross-beam of the bogie frame. The diameter of 
the driven wheel is 750 mm, its module is 10 mm, the 
width of the tooth face is 140 mm, and the gear ratio is 
47, As the driving pinion on the motor shaft is over- 
hung, uniform pressure of the working surfaces is diffi- 
cult to ensure. 

The driving pinion is made of a case-hardened nickel- 
chrome steel having a surface hardness of at least 58 
Rockwell C and a core hardness of from 35 to 45 Rock- 
well C. The driven gear is made of a cast steel containing 
0:38-0-45% C, 0°6-0:9% Mn, 0-2-0-4°%, Si, 0-7-0-9%, Cr, 
1:5-1:9% Ni, 0-02-0:08° Ti, and a maximum of 0:035% 
P and 0:035% S. Heat treatment of the gear consisted 
of (a) normalizing and high-temperature quenching of 
the cast blank, (b) quenching and high-temperature 
tempering to a hardness of 255 to 302 Brinell, the ulti- 
mate tensile strength after this treatment being 90 kg/mm 
and the impact value 3-5 kgm/cm?, and (c) induction 
hardening of the tooth flanks to a hardness of 45 to 58 
Rockwell C and subsequent low-temperature tempering. 


4mm max. 


Fig. 1. Profile of the induction- 
hardened layer in the central 
cross-section of a tooth. 





The profile of the induction-hardened layer in the 
central cross-section is shown in Fig. 1. Location of the 
boundary of the hardened layer from 4 to 6 mm from 
the bottom of the tooth space is intended to eliminate 
any possible detrimental effects of induction hardening 
on the bending strength of the teeth. Both sides of each 
tooth are hardened right through, as a result of the edge 
effect produced by the inductor coil, the depth of this 
hardened layer being about 8 to 12 mm. At one side, 
i.e., on the side remote from the drive motor, the har- 
dened layer approaches the fillet. 

After this locomotive had covered a distance of 
between 50,000 and 100,000 km, cracks were formed in 
the driven gears. These cracks were situated at the root 
of the tooth on the motor side and exhibited a typical 
fatigue pattern. No defects in material or heat treatment 
were discovered. : 

Inspection of the working surfaces of the teeth re- 
vealed non-uniform wearing in along the width of the 
tooth. At one end, the extent of the worn-in zone was 
large, while, at the other end, it disappeared completely. 
This was taken as evidence of substantial overloading 
of the tooth on the motor side. 

Because the cracks were situated at the root of the 
tooth, it is natural to assume that, if this root (including 
the fillet) is treated by surface rolling, so as to produce 
residual compressive stresses, the fatigue strength of the 
gear can be substantially increased. In principle, the 
surface rolling process is accomplished by the rolling 
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action of an appropriately profiled roller, suitably loaded 
and operating across the width of the gear. 

Preliminary tests established the effectiveness of 
surface rolling of the tooth fillet. It was, however, 
necessary to design a machine for the surface rolling of 
gears and to develop a suitable rolling procedure. 


















































Fig. 2. Diagrammatic layout 
of the surface rolling machine. 











In order to determine the effectiveness of the work- 
hardening procedure, it was considered essential to adopt 
simulated fatigue-test methods. Existing equipment 
obliged tests to be carried out on gears of the same 
module but of half the tooth width. The wheel diameter 
was reduced by a factor of 4:5, and the tests were con- 
ducted in a machine with a 30-ton pulsating load. 

The special surface rolling machine was designed to 
the authors’ specification, the general layout being 
shown diagrammatically in Fig. 2. Surface rolling is 
carried out simultaneously along two diametrically 
opposed tooth spaces by means of rollers (1) mounted 
on the upper parts of levers (2) attached to special sliding 
shoes. The required force is continuously applied to the 
lower ends of the levers (2). The simultaneous surface 
rolling of the gear at opposite points ensures a balance 
of forces in the machine as they arise during the rolling 
operation. 

A vertical spindle (3) carries on its top journal the 
gear (4), which is clamped by a washer and nut before the 
machine is started. The spindle, controlled by a hydraulic 
ram, performs a reciprocating motion and is then indexed 
by one tooth until surface rolling of all the gear teeth is 
completed. When the gear is lowered, the bottom of the 
tooth space is pressed against rollers (1). The actual 
force transmitted to the surface is determined by the 
initial position of levers (2), which are adjusted before 
the commencement of the surface rolling operation, so as 
to ensure proper penetration of the rollers into the space 
between the teeth. 

The reciprocating motion of spindle (3) and its 
periodic indexing are performed as follows :—The 
spindle itself is hollow and forms part of the hydraulic 
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system. A piston (5) is located in the spindle bore, and 
a rod (6), consisting of two tubes placed inside one 
another, is attached to the piston. Pressure oil is supplied 
from a vane-type pump (16), with a capacity of 25 litres/ 
min, via a relief-valve (15) and a speed control valve (14) 
to a main control valve (7). Depending on the position 
of the main control valve, the pressure oil is conducted 
either into the upper or lower cylinder bore, causing a 
corresponding displacement of spindle (3). The position 
of this valve is determined by that of the spindle itself, 
the latter, at the end of each stroke, acting on the rockers 
of a pilot-valve (8) by means of special dogs located on 
the spindle. The pilot-valve (8) controls the position of 
the main valve (7), and the dogs also actuate a mechanism, 
comprising a ratchet and pawl (9), an index pin (10), and 
a push rod (11), for rotary indexing of the spindle. A 
limit switch (12) operates at the end of each work cycle. 
A special valve (13), supplied from another vane-type 
pump (17), with a capacity of 6 litres/min, via another 
relief-valve (15), is arranged to effect rapid withdrawal 
of the rollers from their working positions. Both pump 
(16) and pump (17) are driven from a common motor 
(18). Surface rolling of small-diameter gears was carried 
out on the same machine with the aid of a special addi- 
tional fixture. 

The roller profile was designed to ensure coverage by 
surface rolling of the entire transition surface between 
the flank of the tooth and the bottom of the tooth space 
(the zone of maximum bending stresses). At the root of 
the tooth, between the boundary of the induction- 
hardened layer and the surface-rolled zone, there is an 
intermediate zone which is not subjected to work- 
hardening. This, however, was not considered detri- 
mental, as the intermediate zone does not contain stress 
concentrations. Two rollers of different profiles were 
used, one covering the bottom of the tooth space and 
the other the fillet. 

In order to be able to produce substantial residual 
compressive stress at the surface and to achieve sufficient 
depth of work-hardened layer, high rolling pressures had 
to be applied. After a number of experiments, a pressure 
of 9 to 10 tons was selected, producing in the tooth spaces 
a residual deformation of about 0-4 mm. Indications of 

‘plastic deformation at the sides of the teeth were clearly 
visible. 

The main purpose of the fatigue tests conducted was 
to determine the effectiveness of surface rolling by the 
procedure adopted. Most of the tests were carried out 
on the smaller gears, with a diameter of 150 mm and a 
width of 40 mm, made of cast-steel blanks similar to 
those used in the actual production of the driven gears. 
So as to be able to compare the endurance of cast and 
forged steel after induction hardening of their working 
surfaces, the core hardness and the profile of the har- 
dened layer were made identical in each case, specimen 
gears of forged steel being hardened and tempered to the 
same hardness (269 Brinell) as that of the gears made 
from cast blanks. In addition, a second series of tests was 
carried out with segments cut from actual production 
gears made from cast and forged blanks of two different 
steels, as used in the manufacture of gears for a Russian 
diesel-electric locomotive. 

To test the gears hardened by surface rolling, experi- 
ments were conducted to determine the separate effects 
of the profile of the induction-hardened layer in the 
vicinity of the sides of the teeth, i.e., the effect of the ex- 
tension of the induction-hardened layer up to 2 mm 
from the bottom of the tooth space, and the effect of 


578 



















































350 

\e | 
330 . ‘al 
lees U 
z \ | 
-290 N +4 
y | | 
; ° | | 
" a | _— 

o 

x 6, 
250 a oe 
230 





0 02 0-4 0-6 0:8 +0 12 14 
NISTANCE FROM SURFACE . mm 
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Fig. 4. Compgerative fatigue tests on a cast steel, (1) without surface 
rolling and (3) with surface rolling, and (2) on a focg:d steel, without 

rollirg. 

through-hardening of the tooth sides over a depth of 
about 12 mm. Some of the gears hardened by normal 
shop procedure were tested in the middle part of the tooth 
along its width, 40 mm from each tooth side being cut 
away. In this manner, the effect of the induction-har- 
dened layer at the sides of the tooth was eliminated. 
Another group of gears was cut in two, after induction 
hardening, so that the tests were carried out on com- 
ponents with only one tooth side hardened. In addition, 
one set of gears was first cut across the width into two 
equal parts and then subjected to induction hardening, 
producing through-hardening of both tooth sides. 

After these tests, individual teeth were cut from the 
gears and examined to determine the degree of work- 
hardening by means of hardness tests over oblique cross- 
sections. It was found that the highest degree of work- 
hardening prevails in the fillet. Hardness measurements 
across the depth of the most highly work-hardened zone 
are shown in Fig. 3. 

During the progress of fatigue tests, it was estab- 
lished that the cracks in work-hardened teeth were situ- 
ated at the boundary between the work-hardened and the 
unaffected zones. Comparative results of fatigue tests 
for a forged-steel gear and for a cast-steel gear (with and 
without surface rolling) are shown in Fig. 4. It can be 
seen that the application of surface rolling considerably 
increases endurance. The effect is substantial and 
demonstrates the large reserve of strength which can be 
obtained by the use of surface rolling of tooth fillets in 
gears (and equally so in the case of other components of 
(Concluded on page 590) 
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True Multi-Fuel Diesel Engines 


By H. HorrMann. (From Motortechnische Zeitschrift (M.T.Z.), Vol. 18, No. 10, October 1957, 
pp. 311-317, 8 illustrations.) 


To meet the requirement for engines capable of operating 
on cheap diesel oil in normal times and on any fuels avail- 
able under emergency conditions, Daimler Benz have 
developed three 6-cylinder multi-fuel engines, their main 
data being as follows :— 

















Com- | Maximam 
Bore x + 
T pression Rated bhp torque 
7” {mm] ratio | [mkg] 
|OM321 95 x 120] 26:1 110 at 3000 rpm | 27 at 1600 rpm 
10M315 | 112 x 140} 22:1 155 at 2100 rpm | 54 at 1400 rpm 
|0M326 |128 x 140| 22:1 160 at 2000 rpm | 57 at 1400 rpm 




















These multi-fuel engines deliver, with hardly audible 
or measurable differences in running smoothness, the 
same power when operating either on diesel oils (e.g., gas- 
oil), or other fuels, including standard and high-octane 
petrols, petrol-benzol mixtures, jet fuels (kerosenes), al- 
cohols, and even edible or lubricating oils. No additions 
of gas-oil or lubricating oil to the fuel are required, and 
there are no restrictions regarding octane rating of the 
fuel, provided that lead content does not exceed 0-08% by 
volume. 

These engines are of the pre-chamber type. In con- 
ventional diesel engines the hard “‘ hammering” noise 
noticeable when running on light fuels is due to late igni- 
tion and excessive release of energy through spontaneous 
combustion. Preliminary tests have shown that there is 
no problem with pre-chamber engines operating on gas- 
oil, jet fuels, or edible oils, but difficulties initially occur- 
ted (e.g., detonation, high-frequency oscillations, and 
lead corrosion) when operating on a high-octane leaded 
fuel, e.g., 89 octane petrol with an 0-08% lead content. 

These difficulties were overcome, and combustion 
noise was very considerably reduced, by raising the tem- 
perature at the end of compression in order to shorten 
ignition delay. High air temperature in the pre-chamber 
at the end of compression makes rapid ignition possible, 
in spite of the differences in the chemical structure of the 
hydrocarbons. By means of preliminary reactions the 
hydrocarbons are decomposed into rapidly oxidizing 
oxygen-rich groups and in carbon-rich groups oxidizing 
at a slower rate. The oxygen in the pre-chamber air 
permits only partial combustion to take place. Owing to 
the rise in pressure, an intensive blow-down of the con- 
tents of the pre-chamber into the main combustion 
chamber occurs, resulting in intimate mixing with the un- 
used air in the main chamber. The pre-chamber smoothes 
out the differences in the conversion of the hydrocarbons 
as regards velocity and the course of the reaction, so that 
the latter mainly yields carbon-rich groups, i.e., soot-like 
products. 

The required increase in temperature at the end of 
compression was reached by raising the compression 
ratio by from 2 to 6, depending on the type of engine and 
shape of combustion chamber. Although the maximum 
cylinder pressures resulting from this change had no 
effect on the engine bearings, crankshaft, etc., further 
work was required in connection with the materials used 
for valves, valve guides, pre-chamber components, 
cylinder-head gasket, glow-plug, etc., in view of the high 
lead content of some of the fuels considered. 

In addition, an electric fuel-circulating pump is 
fitted on the fuel tank; this pump is automatically brought 
into cperation during starting and returns to the tank 
DECEMBER, 
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any vapour bubbles which may form on the suction side 
of the fuel pump. Under extremely unfavourable opera- 
ting conditions (very high ambient temperatures), this 
pump can also be switched on manually. The injection 
pump is provided with an oil trap for the injector ele- 
ments and the delivery plunger. The size of the injection- 
pump plungers had to be increased, to enable the engine 
to maintain the same power obtained with diesel fuel 
when running on petrol of lower calorific value per litre. 
The fuel filtering arrangements were improved by provid- 
ing a system of two filters in series, so as to avoid any 
danger to the pump components when operating on 
petrol. 
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Fig. 1. Performance data for the OM326 multi-fuel engine. 
(a) 89 octane leaded petrol. 
Gas-oil. 

A series of tests was carried out on these engines, 
using, among others, fuels with specific gravities ranging 
from 0-725 to 0-788, aromatic contents from 14-75% to 
49-5%, and octane ratings from 85 to 99. These tests 
provided additional evidence of the excellent flexibility of 
the pre-chamber multi-fuel engine under adverse load 
changes, typical performance figures for the OM326 
engine being shown in Fig. 1. 

There were no difficulties in normal starting, and the 
cold-starting properties of these engines were noteworthy. 
With normally operating glow-plugs, no additional 
heating devices are required down to about— 20°C, using 
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a cold, half-charged battery. When the cooling water is 
warmed up, the engines can be started without difficulty 
at a temperature of — 40°C, using petrol, gas-oil, or other 
fuels. The required warm-up time for the cooling water, 
with a heater added to the cooling-water circuit of the 
engine, is at most 90 min. 

The engines were run on test-beds and on the road, 
each engine completing about 27,000 km in country 
districts. One engine was run continuously for 
1200 hr on a test-bed, followed by a further 600 hr, and 
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then covered 70,000 km on the road. It was in ti - course 
of these various tests that the optimum mater’ .|s were 
determined for the pre-chamber and for t!+ valve 
arrangements. Wear of the chromium layer om the top 
piston-rings, and also therefore cylinder wear, »3 some. 
what higher than in conventional diesel engines, without, 
however, having any effect on reliability. Initia! difficyl. 
ties in connection with fuel filtering, injection-pump 
wear, and distortion of the upper-ring groove in the 
piston were entirely overcome. 


Assessment of the Durability of Crankshafts 


in Acceptance Tests 
By A. T. WUPPERMANN. (From Stahl und Eisen, Vol. 77, No. 17, August 22, 1957, pp. 1117-1121, 7 illustrations.) 


ADDITIONAL knowledge of the properties of materials 
and durability of crankshafts is required to accommo- 
date the increased stresses associated with the higher 
charging pressures, higher speeds, and more compact 
construction of modern diesel engines. 

A certain amount of information is provided by the 
standard tensile, notch-impact, and bending tests. In 
addition, non-destructive methods are being increasingly 
employed, e.g., magnetic powder methods to reveal sur- 
face cracks, or ultrasonic tests to indicate internal defects 
and inhomogeneities. | However, interpretation and 
analysis of the defects indicated, particularly as regards 
their significance as possible sources of failure, have 
lagged considerably behind the progress achieved in 
flaw detection, etc. 

As long as the influence of the various defects on 
crankshaft durability is not known, opinions will differ 
as to the extent to which such defects are permissible, 
but, from general considerations of production economy 
it does not seem reasonable to reject valuable crankshaft 
forgings solely on the basis of a somewhat subjective 
assessment, since in some cases, in spite of the flaws 
revealed, some crankshafts may be fully capable of with- 
standing the required stresses. 

From metallurgical considerations, it is inevitable 
that, in the production of large forged crankshafts, de- 
pending on the size of the ingot, appreciable differences 
in strength are to be expected ; it is also impossible to 
remove all segregations, etc. from the shafts by machin- 
ing. Tests by the magnetic powder method frequently 
show considerable accumulations of powder oriented in 
the direction of the fibres along the surface of the highly 
finished crankpins and journals ; on the web faces these 
appear as dots. In addition, some of the inhomogeneities 
inside the shaft revealed by ultrasonic methods occur in 
the core portion, i.e., near the centre-line, where there is 
little or no stress in torsion or bending. 

The question as to what can be regarded as a permis- 
sible limit, from the point of view of reliability, has been 
the subject of investigations by Lehr! and Berg?, who, 
during the war, initiated series of dynamic tests of par- 
tially defective crankshafts. The investigations described 
in the following can be regarded as a continuation of 
their work. In the present tests, the main new feature is 
that complete crankshafts, and not only sections thereof, 
are subjected to dynamic investigations. The crankshafts 
tested were supplied by various makers and had crankpin 
diameters between 130 and 240 mm, with overall lengths 
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of 1:5 to 4-5 metres and weights ranging from 500 to 
2500 kg. 

Under service conditions, crankshafts are required to 
sustain combined stresses in bending and torsion, the 
bending stresses being caused by shear forces resulting 
from the piston loads, and, in absolute values, being 
much higher (by about 50°.) than the torsional stresses, 
To keep bending stresses at low values, it is necessary to 
ensure that the alignment of the bearings supporting the 
various crank-throws is as accurate as possible and that 
the bearings are properly maintained during service. The 
vital importance of bending stresses on crankshaft dura- 
bility is a subject which has also been extensively in- 
vestigated?. 

Torsional stresses in crankshafts are due to the 
cyclically varying transmitted torque. Under conditions 
of resonance in the system (consisting, for instance, of 
the engine, a propeller shaft, and a marine propeller), 
considerable torsional vibrations may develop ; these 
can, however, largely be reduced by means of vibration 
dampers. 

The purpose of the investigation was to clarify, as 
far as possible, the following questions :— 

(1) Do longitudinal defects give rise to fatigue 

fractures ? 

(2) If not, where are fatigue fractures mainly initiated? 

(3) How do these fractures propagate ? 

(4) What is the relation between stress and durability? 

From these questions, it can be seen that the main 
object was not so much the study of crankshaft stresses 
under operating conditions as a determination of the 
effect of irregularities in the material on durability. 

Generally, defects in forged crankshafts, as revealed 
by the magnetic powder method, are in the longitudinal 
direction. The possibility that these may cause rupture 
of the shaft can be verified only by dynamic torsion tests. 

Under the action of alternating shear stresses, axial 
surface cracks on crankpins or journals branch out in 
the directions of the maximum principal stresses, i.¢., 
at 45 deg. to the shaft axis. When bending stresses are 
applied, this branching out of longitudinal defects cannot 
be expected to occur, since the bending fracture is per- 
pendicular to the direction of the defect and hence should 
not be influenced by it. The shafts were therefore tested 
by applying alternating torques. 

The available crankshafts were of various sizes and 
types and had most of the typical defects likely to occuf 
in such forgings ; in some cases the defects were com- 
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Fig. 1. Schematic arrangement of rig for dynamic testing of crank- 
shafts. 
paratively large, whereas in others they were minute. 

A diagram of the test arrangement employed is shown 
in Fig. 1. The ends of the crankshaft to be tested are 
bolted to large metal slabs serving as torque arms with 
additional compensating masses (1) and (3) to obtain the 
required polar mass moments of inertia. These torque 
arms are suspended 02 helical springs (2) attached to an 
overhead rigid structure. The vibratory system (the 
crankshaft being regarded as a torsional spring between 
the torque-arm inertias) is thus provided with a “ floating 
suspension ”, which avoids any constraining forces or 
couples that might otherwise be superimposed on the 
applied torque. The vibratory torque is generated by the 
centrifugal force of a mechanical out-of-balance type of 
exciter (4) fitted at one end of a torque arm and driven 
through a cardan arrangement (5) by a variable-speed 
d.c. motor (6). By varying the speed of the latter, the 
excitation frequency can be adjusted as close as desired 
to the natural frequency of the whole system, so that 
resonant or nearly resonant vibrations of considerable 
amplitude are produced. 

In a preliminary test with one of the torque arms 
clamped, each crankshaft was subjected to a static torque 
to determine its torsional stiffness. This value enabled 
the dynamic torque, applied in the subsequent tests with 
the freely oscillating arrangement, to be determined 
directly as the product of stiffness and the measured 
vibration amplitude at one of the torque arms. The set- 
up is therefore very simple, and the dead-weight of the 
crankshaft is taken by the floating suspension. The 
vibratory torques are fully controlled by 


Generally, the tests were initiated with a stress level of 
+4kg/mm?, which corresponds approximately to the 
upper limit of estimated service stress. 

The dynamic torque acting on the crankshaft was not 
only determined from the vibration amplitude but also 
indicated directly by means of strain-gauges situated on 
the journals or crankpins ; the strain-gauges were cali- 
brated in the static test, and their output was displayed 
on an oscilloscope screen. 

The stress level for each stage of the tests was main- 
tained at a constant value for at least 20 million cycles 
(and extended to 30 million cycles in most cases) ; after 
completing this stage, the stress level was increased by 
1 kg/mm2, or less at the higher levels. In all cases the 
stress values mentioned refer to the nominal crankpin 
stress, which is used in design-stage estimations. The 
tests carried out in this manner took a considerable 
period of time ; in the example in Fig. 2, approximately 
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Fig. 2. Diagram showing values of applied torque during the various 


stages of the test on crankshaft No. 12. 


130 million load cycles were required. For this test, 
therefore, which went on day and night without inter- 
ruption, the total period of testing, with an excitation 
frequency between 800 and 1000 vpm, extended to about 
100 days. To speed up the work, it was therefore neces- 
sary to build a second dynamic test rig, which was com- 
pleted soon after the work had been initiated. 




















adjusting the speed of the motor. TasLt I. DATA AND Test RESULTS FOR THE VARIOUS CRANKSHAFTS INVESTIGATED 
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Positions of the torque arms, and the lower 
Porticn the gradual increase in stress level 


* Crankshaft No. 7 surface-hardened. 
** With crankshaft No. 14, stress was applied in bending, and the position of 


or tor.ue during the total period of testing. fracture was in all webs. With all other crankshafts, stress was applied in torsion. 
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POSITION OF FRACTURES 


In all cases, the torsional fatigue fracture occurred at 
the crankpin. As a rule, it proceeded from the crankpin 
fillet. In most cases the fracture also extended into the 
web, and generally the web broke through the weaker 
section of its bevelled end. 


ORIGIN OF 
PRACT URE 





Fig. 3. Details of frac- 
ture in the test on crank- 
shaft No. 8. 


An example of such a fracture, which occurred in 
crankshaft No. 8, is reproduced in Fig. 3. Originating 
at the fillet beiween the web and the crankpin, the 
fracture progresses through the crankpin as a smooth 
helical fracture and emerges in the bevelled section of 
the opposite crankweb. In the second stage of its de- 
velopment, the fracture proceeds from the broken web 
and is completed, through the remaining crankpin 
section, when it travels back to the original cross-section 
of the initial failure. 

Under high dynamic torque, the filleted transitions 
showed multiple shear-stress cracks. From the dimen- 
sions of the crankshafts investigated, the stress-concen- 
tration factors for the fillets were evaluated and found to 
be between 1-5 and 1-8, so that the fillet stress was be- 
twee1 50% and 80% higher than the nominal stress, 
used as a reference value in the tests. Initial cracks or 
fissures first occur at these positions of increased stresses. 

Crankshafts also have transverse holes in the crank- 
pins for the supply of lubricating oil. These holes disturb 
the smooth “ flow of stresses ”’ and might therefore also 
be expected to be a cause of fatigue failures. 

Of the fourteen crankshafts investigated, nine had 
been fully machined and provided with oil holes in the 
crankpins. In three of these shafts the fracture passed 
through the crankpin oil hole, but only in two of these 
cases did the fatigue fracture originate at the hole. In 
the third case, it definitely spread from the fillet. One of 
the two typical oil-hole fractures was found to originate 
not at the edge of the hole but at a tool-mark inside the 
oil hole and about 15 mm below the crankpin surface. 

In another case, at a nominal stress of +7 kg/mm2?, 
incipient cracks were detected at the edge of the hole, but 
these did not lead to fracture. From the above, it can 
be concluded that considerably greater importance 
should be assigned to the fillets than to oil holes as pos- 
sible origins of fatigue failures. 


LIMITING STRESS AND ENDURANCE 


It was found that with fairly rapidly increased stress 
levels the fractures occur at considerably higher stresses 
than when intermediate stress levels are maintained for 
appreciable periods. The tests, therefore, were carried 
out for long periods of time at each stress level, so that 
any short-time influences would be eliminated. 

It was considered of particular importance to conduct 
the tests at nominal stresses not greatly superior to those 
expected to occur in service. These stresses are encoun- 
tered in service during brief periods, for instance when 
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passing through critical speeds. Exceptions we: : made 
only in the two preliminary tests on crankshafts .1) and 
(2), with rapidly increased stresses, resulting in rupture 
after 7 million and 24 million cycles respective!’. The 
limiting stresses in these cases were +13 ard +15 
kg/mm? ; owing to the internal (hysteresis) dar ping of 
the material, these two crankshafts reached tcmpera- 
tures of the order of 150°C. 

From the test results, it appears that nominai stresses 
exceeding +6 kg/mm? can be regard:d as critical. This 
also is in agreement with the limiting values indicated 
by Dorey’. 


BEHAVIOUR OF AXIAL DEFECTS 
TORSIONAL STRESSES 


The longitudinal defects revealed by the magnetic 
powder method showed considerable differences in 
behaviour under the various stress levels. The result was 
in no case in agreement with the estimated importance 
of such defects, based on external appearance. 

“Genuine” defects ({i.e., definite discontinuities 
reaching up to the surface) showed signs of considerable 
working under alternating torsional stresses. This was 
rendered visible by bubbles formed after pouring petrol 
over the defective areas, and by the fine residues produced 
by fretting corrosion occurring in these areas. 

Long axial cracks branched out at their ends in several 
instances, as previously stated, when the torsional stress 
level reached values of +6 to +7 kg/mm?. However, in 
all cases, even with very extensive axial defects, the spread 
of the branched portions eventually ceased, i.e., after 
some period of time. It seems that there is a stress- 
relieving action in this case, which, owing to the bifur- 
cations in the defective area, tends to prevent, for some 
time, a further extension of the defect. 

Axial defects did not become starting points of 
fatigue fractures in any of the crankshafts investigated. 
This does not mean that they should be completely dis- 
regarded, but it should help to alleviate some excessive 
objections previously raised as to the importance of such 
def2cts and also to prevent unduly severe requirements 
which might impede the economical production of forged 
crankshafts. 


UNDER VIBRATORY 


CONCLUSION 


The test results clearly show that an increase in the 
fatigue strength of crankshafts is not so much at present 
a question of material as of suitable design features. Both 
the torsional tests and the dynamic bending tests gave 
ample evidence that stress raisers in transitions and other 
unfavourable shape cr design factors are the origins of 
fatigue fractures. 

It is also considered that the importance of inclusions 
in the crankshaft material is also sometimes overesti- 
mated ; the view expressed is that inclusions can be 
regarded as acceptable if their stress-concentration fac- 
tors are not greater than those of the transitions, i.¢., 
fillets etc., normally found in crankshafts. It would be 
useful if further dynamic tests could also be undertaken 
to obtain quantitative data on this subject. 
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ino a i where the continuous path of the cutter from change 
es of Computer Controlled Automatic point to change point is computed and this information 
— Flame Profiling of Steel Plate recorded in pulse form on magnetic tape. It is not en- 

: : visaged that organizations using automatic flame-cutting 
Tesses ee Oe Sepmepien thet « matin’ was segues machines would own a computer, but a centralized com- 


Thi of direct transfer of information from the drawing-office 
es 'S io the cutting machine without the need for precision 
cated drawings and photographic scaling down, and that the 
system itself, and hence the design of machine used, must 
be freely adaptable to any sequence control for the 
‘TORY @ marshalling and flow of material into the cutting area 
of the machine, a new computer-controlled automatic 
snetic ff flame-profiling system for steel plate in shipyards has 
been developed and demonstrated by British Oxygen 


puter service would be available where users can purchase 
time, as required. 











Sj re 
t Bs Gases Limited, of London, S.W.1. 
Hiss As shown in Fig. 1, the essential stages of the system 


are as follows :— 

. (a) Preparation of a drawing (1) of the part to be cut. 
Uities This is done in the conventional manner, except that all 
Table dimensions are given in co-ordinate form relative to a 
3 Was datum located outside the profile. 

etrol (b) Preparation of a planning sheet (2), in which the 
luced § dimensional information from the drawing is entered in 
the correct sequence. Details of kerf width and cutting 
) speeds are also included. It should be noted that it is 
veral : - . : 
necessary to specify only the dimensions for change 
tress points on the profile, i.e., points at which there is a change 
of, In of direction, such as at corners, junctions of circular arcs 
read with straight lines, etc. 





after (c) Encoding the planning-sheet information (3) into 

Tress- the form of punched paper tape for use as input to the 

ifur- computer. A teleprinter for standard 5-hole paper tape Fig. 2. 

ome is used for this purpose, and copy-typing only is involved. (e) Playing back the magnetic tape in a control con- 
A conventional typed sheet is simultaneously produced sole (5), which contains a tape deck and suitable amplify- 
for checking against the original planning sheet. ing equipment for converting the pulses on the magnetic 

an (d) Feeding the paper tape into the computer (4), tape into command signals which are fed to servo-motors 
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HOFFMANN CAN TAKE IT 


This vast-2,000 ton structure, the world’s largest 
telescope, revolves on Hoffmann Bearings. 

The centre pivot made by Davy and United 
Engineering Company Limited, is a pintle 
mounting using one large double-row roller 
bearing, and one large single thrust ball bearing, 
the roller bearing being 42” in diameter 

Carrying the whole structure in its circular track 
are twelve 20-ton bogies made by 8. Thornton 
Ltd., Engineers of Huddersfield. Each bogie is 
fitted with four wheels and each wheel with two 
parallel roller bearings and one ball location bearing. 

The telescope can be steered to any point in the 
sky and will greatly increase our knowledge of 
radio waves reaching the earth from the farthest 
known nebulae in space, as well as meteors, the 
aurora borealis, the moon and the sun. 
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Fig. 3. 
on the X-Y axes of the machine. Sequence control (6) 
and an auxiliary functions console (7) are also provided. 
The tape control console and auxiliary functions console 
are illustrated in Fig. 2, in which the lid of the tape deck 
is shown partially raised, and three trays, each of which 
contains six card-type circuits, are partially withdrawn. 
The underside of one of the chassis in the auxiliary func- 
tions console can also be seen. 

(f) After the tape deck has been started, the informa- 
tion passes to the automatic flame-profiling machine (8), 
which then proceeds under the control of the magnetic 
tape alone, no human intervention thereafter being neces- 
sary. A front view of the experimental computer-con- 
trolled flame-profiling machine, with a simplified version 
of a plate-handling roller table, is shown in Fig. 3. 

In addition to positional control of the cutter, certain 
other control elements (Fig. 1) are provided to cover re- 
quirements peculiar to the flame-cutting process, these 
being (a) continuous nozzle-height sensing, in order to pre- 
serve the correct distance between the cutting nozzle and 
the plate ; (b) a flame-monitoring unit to confirm the 
presence of the preheat flame and the continuity of the 





Fig. 4. 
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cutting process, so that, in the event of loss of cut or 
flame failure, the machine is automatically shut down ; 
and (c) an automatic ignition system for lighting the 
preheat gases. A view of the transverse carriage and 
cutter head is given in Fig. 4, and shows (left to right) 
the nozzle-height sensing probe, the cutter, the ignition 
electrode, and the flame-monitoring unit. 

Finally, there is automatic continuous monitoring of 
the control unit, so that if for any cause, such as supply 
or component failure, some part of the equipment ceases 
to function, the machine will shut down before any 
damage is done to the work. It should be noted that 
tape control is at present visualized for profiling, as 
distinct from rectilinear plate preparation. The latter 
will be catered for by automatic sequence control of the 
portal-type ‘‘ Oxyplane ’’ machine for straight edge pre- 
paration, with manual setting of cutters to accurate 
scales on the machine. 

It is realized, of course, that, in the application of 
the system to shipyards, there are many problems, among 
which are layout and availability of space, which only 
the shipbuilder can define and answer in detail in his 
examination of the practical development of such a sys- 
tem. Nevertheless, it seems clear that the line of approach 
followed in this system coincides with trends in ship- 
yard layout which are even now being established. Indi- 
cations are that these new concepts will be as readily 
explored by shipbuilders in Great Britain as they appear 
to have been on the Continent and elsewhere. Further- 
more, as development of the machine proceeds over the 
next year or two, the co-operation of shipbuilders on the 
design of the machine, Ferranti on computer applica- 
tions and control systems, and specialist conveyor manu- 
facturers on the plate-handling problem should lead to 
a quick and satisfactory solution of all the problems to 
which this project will give rise during the course of its 
development. 


Prefinishing Chromate Oxidization 
Coating Process 


Aluminium castings are being given a chromate oxi- 
dization coating by a new type of plant, recently installed 
by Woods of Colchester Ltd. Paint, lacquer, and enamel 
are liable to lose their adhesion to aluminium and its 
alloys, and consequently fail by peeling, flaking, or chip- 
ping. With the chromate oxidization process (C.O.P.), 
the natural oxide film is replaced by an insoluble granular 
aluminium oxide coating, which provides improved paint 
bonding and anti-corrosion resistance. This process has 
been used extensively for treating aluminium sheet and 
panels, but has not hitherto been employed for castings. 

The Woods plant, which is intended to replace prime- 
painting and stoving, is operated by two men and has an 
output exceeding that of the seven painters previously 
engaged on prefinishing. The result has been a cut in 
production costs and improved products. Handling 
13 tons of impellers, motor carcasses, and covers;,together 
with other aluminium components, in a 44-hr week, the 
Woods installation is the first continuous plant to be 
designed for use in conjunction withthe C.O.P. process. 
Gravity, pressure, and sand castings and sheet-aluminium 
components are being treated. The overall dimensions of 
the plant, which was designed in co-operation with Woods 
by the Jenolizing Co. Ltd., who provided the C.O.P. solu- 
tion, are 35 x 8 x 10 ft high. 

The plant consists of three tanks, of which the first 
holds 1000 gal of C.O.P. solution, the second is a running 
cold-water rinse of 500 gal capacity, and the third a hot- 
water rinse of the same capacity. Castings are suspended 
on jigs or in wire-mesh baskets from a flight bar con- 
veyor. Travelling on the conveyor at 64 ipm, the castings 
are suspended in the C.O.P. solution for 15 min. They 
then pass through a cold-water curtain, which reduces the 
amount of drag-out from the solution, before being 
dipped successively into the running cold-water rinse 
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and hot-water rinse tanks. The hot-water rinse ensures 
the necessary rapid drying of the castings. Both the 
C.O.P. and hot-water tanks are steam-heated, the former 
to between 92 and 98°C, and the latter to 70°C. Com- 
pressed air is used to agitate the C.O.P. solution and cold- 
water rinse. 

The strength of the solution is tested twice a day, and 
the tank is cleaned out about once a fortnight to remove 
the aluminium and chalk which settles on the bottom. 
To facilitate cleaning, a self-priming pump, with a capa- 
city of 1000 gph, is fitted, the solution being transferred to 
the empty cold- and hot-water tanks. Vigorous gassing 
occurs during treatment, and the tank is provided with 
fume extraction. A similar arrangement extracts steam 
rising from the hot-water tank. 


Low-Pressure Polythene Sheet 


The latest of a large group of plastic sheeting 
materials developed by Iridon Limited, of London, W.1 
is Iridon-LP1300, which is a polythene sheet of the low- 
pressure type, based on the Ziegler process. Sheets of this 
type may be vacuum-formed or fabricated, as required, 
by welding, a present important application being for 
ducting. The most outstanding characteristic of this 
material is the very small amount of branching along the 
molecular chain, so that the macromelecule is built up 
in a linear manner. Its typical properties are therefore 
high stiffness and strength, good surface finish, and a high 
softening range. 

The melting range is approximately 125 to 135°C. The 
practical possibilities of utilizing this high melting range 
are, as with all thermoplastics, markedly dependent on 
the duration of the heating and also on any mechanical 
Stress which may be present at the same time. These fac- 
tors in certain cases limit the working temperatures to 
values which lie far below the melting range. On the other 
hand, heating in the neighbourhood of sterilization 
temperature is possible. At low temperatures, the mater- 
ial stiffens only below —30°C. At temperatures above 
these it displays outstanding toughness. These tempera- 
ture properties, together with its good tensile strength, 
excellent elongation at break, and high impact strength, 
make it a suitable sheet material for a large variety of 
applications. Furthermore, it is not affected by water and 
IS resistant to a large number of chemicals, in addition to 
having a very low water-vapour permeability and a low 
permeability both for materials causing aroma and for 
gases such as oxygen, carbon dioxide, and nitrogen. 

Obvious fields of application are those where high 
Softening temperature, increased toughness, strength, 
chemic»! resistance, and decreased permeability to liquids 
and gases are important. Hospital and dental instrument 
trays c{fer an immediate outlet, as sterilizing by boiling 
has no detrimental effect on the material, provided that 
the co: >ponent has been formed without excessive stress. 
Simile’ ;, food factories have a ready application for 
957 
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containers used in the preparation of tinned and frozen 
foodstuffs. 

Iridon-LP1300 has been specially developed for 
vacuum-forming and, owing to its special properties, it 
can be deep-drawn without the excessive thinning nor- 
mally associated with the ordinary grades of polythene. 
Correct heating of the sheet is important, and, where 
thicknesses of 0-080 in. and over are used, it may be neces- 
sary to employ top and bottom heaters. Where this is not 
practicable, the heating cycle should be extended to dis- 
tribute the heat evenly throughout the sheet. It may be 
even necessary, when using a single heater, to spray the 
side nearest the heater momentarily with a jet of cold air, 
in order to reduce the temperature of the upper surface to 
approximately that of the Jower. This will avoid undue 
strain in the sheet during the forming process. 


Portable Mechanical Double-Action 


Resuscitator 


Expected to prove of real value in cases of drug and 
gas poisoning, drowning, electric shock, etc., the 
‘** Minuteman ”’ portable mechanical double-action re- 
suscitator, originally developed and already in extensive 
use in the U.S.A., is now being marketed in the U.K. by 
the Medical Division of British Oxygen Gases Limited. 
The machine weighs only 28 Ib and is contained in a case 
of small dimensions, so that it can be carried quickly to 
the scene of an accident. In addition, it is robust, simple 
to operate, requires less skill and energy than any other 
modern methods of resuscitation, and can be used in 
confined spaces such as pit shafts or even under debris. 
Another advantage is that it can also be used for patients 
with fractured ribs, eliminating the dangers occasioned 
by manual resuscitation in such cases. 





Until recently, all portable resuscitating machines 
were only of the single-action type, whereas, to be truly 
effective, a resuscitator should have a double action, i.e., 
it should ventilate the lungs in a regular and efficient way, 
to ensure that sufficient oxygen is carried to the blood 
and the waste gases removed, and it should support 
failing circulation by assisting the return of blood to the 
heart. In the ‘“* Minuteman ”’, the double action is auto- 
matically controlled by the patient’s lung capacity. When 
a certain pressure has been reached, lung inflation stops 
automatically, and suction then draws the used gases 
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from the lungs. This action of sucking air from the lungs 
draws blood into them from the rest of the body, assisting 
in the return of blood to the heart. Attached to the 
midget breathing mask, which is held in the hand, is a 
valve, and the power which operates it is derived from 
the pressure in an oxygen cylinder packed in the case. 

A suction catheter attached to the machine can be 
used to clear obstructing mucus and froth. If necessary, 
the machine can be made to act as an inhaler, delivering 
oxygen-enriched air to a conscious patient. The special 
pressure requirements of rib injury can be met by simple 
adjustments. Extension leads permit the mask to be used 
at a distance from the carrying case. If required, two of 
these resuscitating face-masks can be operated from the 
same source, so that two patients can undergo treatment 
at the same time. 


Spark-Erosion Tool-Grinding 
Machines 


Developed from the earlier machine, the “* Erodo- 
sharp’ Mark II tool-grinding machine, announced by 
Wickman Limited, of Tile Hill, Coventry, embodies two 
major refinements in design, i.e., two revolving electrodes 
and adjustable tool-rests are now provided, and an 
extractor fan is built into the machine base, so as to 
enable fumes produced during processing to be ducted 
to atmosphere independently of other extractor systems. 

In appearance, the machine resembles a conventional 
grinder, except that two revolving iron wheels constitute 
electrodes, and metal particles are removed from the 
tool by the effects of a controlled electrical discharge 
between the electrode and tool across a dielectric gap 
which in this case is a thin film of oil on the revolving, 
electrode. The actual tool-grinding process is performed 
in the same way as on conventional machines, except 
that no pressure is required. The largest single economy 
effected by this method is, however, the direct and im- 
mediate saving in diamond-wheel costs, inasmuch as 
with the exception of the lapping of superfine cutting 
edges, the ‘‘ Erodosharp”’ will achieve all the results 
obtained with diamond wheels at a fraction of the cost. 





Since there is no physical contact between electrode 
and tool, there is no Joad on the wheel, no wear due to 
abrasion, and no heat generated in the tool. This means 
that the tip and shank of carbide tools can be ground 
together, without any risk of the tip cracking from ther- 
mal shock. The conventional method of using different 
grinding wheels for roughing and finishing is eliminated, 
finish s: lection being simply effected by operation of a 
three-rosition switch, which also gives a faster cutting 
rate fo: roughing. 
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Single-Spindle Screwing Machi 

Redesigning of the range of single-spindle tangential 
die-head screwing machines produced by Joshua Heap 
& Co. Limited, of Ashton-under-Lyne, has recently been 
completed by the introduction of a machine fitted with 
a 3-in. or 4-in. tangential die-head, which will thread 
bolts from 4 in. to 3 in. and pipes from 4 in. to 4in. The 
machine is fitted with a heavy-duty all-geared nine-speed 
headstock, which is amply rated to transmit full power 
at low spindle speeds, while the extremely wide range of 
spindle speeds available enables the machine to cut all 
classes of material throughout the entire range. The final 
drive to the main spindle is via a pair of constant-mesh 
helical gears, thereby ensuring a smooth transmission 
of power. 





The machine illustrated is fitted with a centrally 
mounted lead-screw, which is essential when screwing 
very coarse threads which have to be cut in two passes. 
Alternative lengths of bed can be supplied, so that either 
15 in. or 36 in. can be screwed at one setting of the vice. 
The open-jaw self-centering vice is of box pattern, as 
fitted to all machines in this range, and is extremely 
powerful. All the operating mechanism is totaly enclosed, 
protecting it from damage and wear from swarf. Two 
pairs of vice jaws are used, ensuring a perfect grip on 
bolts or pipes. 

The tangential die-head fitted is the standard Heap 
head, of which one of the main features is the cam ring 
completely surrounding the die-holders and absorbing 
all cutting strains. This head is fitted with automatic 
opening and closing through the saddle movement, as 
well as hand operation by a lever on the side of the 
machine. A double-cut device is also fitted, so that a 
thread can, if required, be cut in two passes without 
stopping the machine. 


Multi-Pole Contact Connectors 


A new and comprehensive range of plugs and sockets, 
to be manufactured in the U.K. under licence from 
Tuchel Kontakt, of Germany, is announced by the Con- 
tact Connectors Division of Modern Acoustics Limited, 
of Boreham Wood, Herts. The patented contact prin- 
ciple employed in this new range of connectors differs 
radically from more traditional systems, inasmuch as 
their construction is based on the theory that surfaces 
kept free from oxide film and dirt are even more impor- 
tant factors than contact pressure. 

Basically, the contact consists of a series of tubes of 
decreasing diameters, open longitudinally with two or 
more transverse slits, assembled one within the other. In 
operation, the bevelled contact blade is inserted into the 
first of three split cylindrical spring banks and, as the 
blade is thicker than the gap, the spring assembly is 
forced apart and each of the springs grips the blade in 
pincer fashion. As the blade is introduced, the front 
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Putting two and two together and making five ! At least, that’s how it appears when you 
consider the saving in time and cost by changing over to tapping screws. 
Without doubt, the tapping screw does display a number of very definite advantages over the 
conventional machine screw. It obviates the use of nuts. With its self-locating point, 
it forms its own thread and eliminates a separate and expensive tapping operation. 
It makes for easier assembly, is stronger, cheaper and faster. And when used in conjunction 
with the Phillips recessed head, designed for power driving without damage to either 
work or worker, it is obviously safer. Putting two and two 
together, the tapping screw simply ensures a better job. 
Why not change over to tapping screws and prove it for yourself? 


° 
Lianread tapping screws for economy and safety 





LINREAD LTD. COX ST. BIRMINGHAM 3 


SLOTTED AND PHILLIPS RECESSED HEAD MACHINE SCREWS AND TAPPING SCREWS ° HIGH TENSILE HEXAGON HEAD BOLTS AND SETSCREWS 
AIRCRAFT BOLTS, SCREWS AND RIVETS © SEMS © RIVNUTS © CUSTOM DESIGNED COLD FORGED FASTENERS © ALEX SCREWPLUGS. 


A84 THE ENGINEERS’ DIGEST 





edges 
throu 
repea 
blade 
sprin, 
necto 
the it 
is al 
multi 
pole 
unafl 
of ter 


shay 
fron 


edges of the spring assembly rub against it, cutting 
through existing dirt or oxide film. This process is 
repeated through the other two banks, until the contact 
blade is fully inserted. An interesting feature is that the 
spring banks are not rigidly secured, but float in the con- 
nector assembly, ensuring that the pressure exerted by 
the individual springs on each side of the contact blade 
is always balanced. Other important features are a 
multiple number of independent contact points for each 
pole ; low contact resistance with large contact area, 
unaffected by vibration and effective over a wide range 
of temperature; and simple engagement or disengagement. 





without fatigue. A button control enables the percussion 
movement to be stopped or started at will. 

Of the two models available, type ZL8 weighs 3-3 Ib, 
operates at speeds of 630 and 1900 rpm, and has a drilling 
capacity in steel of  in., in wood $4 in., and in stone 
(with percussion head) 4 in. The larger model, type 
ZL13, weighs 6 lb, operates at 560 and 1440 rpm, and has 
corresponding drilling capacities of $ in., ? in., and 3 in. 
respectively. 


Motor Control and Alarm Units 


Specially designed motor control and alarm switches 
are used in the new Oil Gasification Plant under erection 
at the Billingham Division of Imperial Chemical Indus- 
tries Limited. In this plant, the many motor drives used 
are started by contactors mounted in a special switch- 














These connectors are produced in a wide range of 
shapes and sizes, i.e., rectangular, cylindrical, etc., and 
from small 3-in. diameter 6-pole units, or less, each 
carrying 5 A at 125 V, to larger 5-in. diameter units with 
36 poles per unit, each carrying 60 A at 500 V. A typical 
6-pin, 20-A, 1000-V heavy-duty connector is illustrated. 


Oil-Resistant Plastic Transmission 
Belts 


A further development in plastic power-transmission 
belting has been introduced by R. & J. Dick, Ltd., of 
Glasgow. The new belt, known as “ Dixylon-Suplex ”’, 
is oil-resistant and is particularly suitable for application 
in the machine-tool industry, since it largely retains its 
coefficient of friction, even under the oiliest running 
conditions. It also possesses anti-static properties and 
is, in addition, resistant to abrasion. 

The properties of high tensile strength and resistance 
to stretch and heat, found in standard Dixylon, are also 
characteristic of the new belting, which is ideal for high- 
speed drives up to 10,000 fpm, especially where small- 
diameter pulleys and short centres are involved. More- 
over, because of its great strength and light weight, pres- 
sure on bearings is markedly reduced, while its flexibility 
and resistance to abrasion make it eminently suitable for 
use on “* untwister ”’ drives in the textile industry. It can 
easily be made endless in 15 min with simple tools, and 
the resulting joint is even and flexible, ensuring smooth 
running without “ knocking”. Various weights and 
thicknesses are available, to meet the demands of diff- 
erent drives. 


Two-Speed Drill with Percussion 


Attachment 


A new type of two-speed drill, designated ** Duax ” 
and manufactured in Germany by Hahn & Kolb, is now 
marketed. in the U.K. through the main distributors, 
Trend Industrial Equipment Ltd., of Stanmore, Middle- 
sex. The drill, which is available in two sizes, is extremely 
adaptable and incorporates a two-speed selector switch 
which enables the correct speed to be chosen to suit the 
material and size of drill bit. An additional advantage 
is the provision of a percussion drilling head of special 
design, which can be clamped to the head of the tool in a 
few seconds. This attachment converts the tool into a 
hammer drill, giving 9000 impacts per minute, for making 
holes in tiles, concrete, and brick. It is stated that, with 
the combined impact and rotary movement produced by 
the percussion head, drilling speeds can be increased by 
as mv as 70%, and the operator can work continuously 





DEC=MBER, 1957 Volume 18, No. 12 


room, and local control of the motors is achieved by 
units in special weatherproof cases which house terminal 
blocks for incoming leads, an ammeter, and two “ spark- 
less switches ”’, specially designed by I.C.1., these swtiches 
being used in place of normal push-buttons to operate the 
contactors in the switch-room. Cable entry is via a detach- 
able gland-plate in the base of the unit, and connection is 
facilitated by a removable inspection cover on the front 
of the unit and in direct line with the terminal block. 
Motor control and alarm units, all of which are manu- 
factured by Westool Ltd., of St. Helen’s Auckland, to the 
basic I.C.I. circuit design, are also mounted on the plant 
control panels in the central control room. These units 
provide a stop-button and also give immediate indica- 
tion of the failure of any drive, a green lamp being illu- 
minated when the circuit is normal and a red lamp when 
any fault develops. The red lamp can be de-energized by 
pressing a stop/reset button. The chassis for each unit 
slides into a case which is fixed to the main control panel, 
as shown in the illustration, connections being made by 
a 12-way plug and socket. The socket,-which is on the 
chassis, is automatically aligned with the plug in the case 
by means of pins which mate with holes in advance of 
the plug and socket connection. As there are six varia- 
tions of these units, they are fitted with non-interchange- 
ability pins to prevent units being inserted incorrectly. 





The plant is provided with a large number of measur- 
ing instruments to control and check its operation. If 
these instruments show that something is wrong, they 
operate alarm units, each of which is designed to light 
a “ fault ’ lamp on the main control panel and to operate 
a buzzer. When an instrument detects a fault, a contact 
opens, causing the fault lamp to flash and a buzzer to 
sound. A “ cancel-alarm”’ button on the main control 
panel enables the operator to stop the buzzer and causes 
the fault lamp to glow continuously. When the failure 
has been corrected, the circuit returns to normal and the 
lamp is extinguished. The alarm units are fitted into dust- 
proof cubicles housing 9, 15, 24, 33, or 36 units. The 
cubicles are split into sections, each containing a tier of 
three units, hinged at the bottom for easy inspection and 
maintenance. 
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In every way, Goodyear offers you the 
right transmission belt service. 


THE RIGHT BELT Goodyear 
has a complete range of job-designed 
transmission belts to suit every require- 
ment and will gladly advise on the right 
belt for your particular installation. And 
remember — every Goodyear belt is 
immune to mildew, runs without belt 
dressing and gives long, reliable service. 
f 
' THE RIGHT CARE As belt 
specialists with worldwide experience, 
Goodyear can advise not only on the 
correct choice of belt but the right way of 
installing and maintaining it. 
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New Materials, Processes, and Equipment 








SPLINE-GRINDING MACHINE 

With a capacity of 72 in. between centres, the new 
72-in. spline-grinding machine announced by A. A. 
Jones & Shipman Ltd., of Leicester, is capable of grinding 
down to zero work diameter with a wheel worn to 7 in. 
diameter, or 13 in. work diameter with a new 10-in. 
diameter wheel. The working stroke is 84 in., of which 
664 in. is useful grinding length, the remainder being 
occupied in “‘run-out”’ over the tailstock to the two 
truing positions. The centre height of the machine (work- 
head centre to table top) is 7 in., and the range of vertical 
adjustment of the wheelhead, measured between the 
wheel-spindle centre-line and the work centre-line, is 
from 34 to 114 in. 

The wheelhead support column has no cross traverse, 
the necessary diamond positioning for side-arc truing 
of the wheel being obtained from movement of the truing 
arrangement mounted on the table. The wheelhead has a 
long slide, fitted with square gibs. Three taper-adjusting 
strips are provided at each extremity of the wheelhead 
slide, ensuring a snug fit in both planes of the wheelhead 
to the wheelhead slide. The wheelhead is vertically 
adjustable by means of a handwheel working through a 
worm-wheel and screw. The complete feeding system, 
including the feed screw, is entirely submerged in an oil 
bath. The wheelhead-feed handwheel gives 0-050 in./rev. 
feed, with an additional fine-feed arrangement graduated 
in, and capable of moving the wheelhead by, increments 
of 0:0001 in. Balance chains lead trom the top of the 
wheelhead over ball-bearing pulleys at the top of the 
wheelhead column, the balance chains being attached to a 
long cylindrical balance weight. 





The wheel-spindle housing is a demountable unit, 
and the wheel spindle can be moved over a range of $ in. 
in the direction of its axis, and through its own bearings, 
by moving the complete thrust arrangement, using taper- 
wedge methods controlled by a thumb-wheel on top of 
the wheel-spindle. Axial movements of the wheel- 
spindle can be registered on a dial indicator, the whole 
arrangement providing a fine side-feed motion, which, 
owing to the fact that the sliding member is itself the wheel 
spindle, gives adequate sensitivity. 

The indexing workhead is hydraulically operated 
from its own self-contained unit, but is electrically 
signalled into and out of action. The accuracy of 
indexing is dependent solely on a notched plate, 
a pivoting indexing pawl being kept in contact 
with one face of the notch, both by a spring-loaded 
Plunger and by hydraulic torque. The maximum 
number of notches catered for as standard is 48. One 
index plate having 48 notches, with masking plates to 
give %, 3, 4, 6, 8, 12, 16, and 24 divisions, is provided with 
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the machine. To change the indexing sequence it is 
necessary to change only the index and/or masking plates. 

The truing arrangements have enclosed sliding mem- 
bers, and provision is made for securing a cross traverse 
having a range of approximately 3 in. each side of centre, 
in order to produce side-truing effects. Hydraulic power 
supply for the main table is derived from an external oil 
tank. Electrical arrangements are not built into the 
machine, but are contained in a cabinet, floor-mounted, 
alongside the supply tank. 

The major hand control is a combined “ stop-start ”’, 
speed control, and hand traverse-engagement lever. This 
is a lever having a “‘ joy-stick ” movement in that it is 
capable of a short movement towards and away from 
the operator, this movement taking place in a gate. In 
the “ off ’ position the lever is spring-loaded to the rear 
of the gate, away from the operator. From this position, 
the lever can te rotated anticlockwise, and this has the 
effect of engaging a hand traverse mechanism which must 
be disengaged by returning the lever to the centre position 
before power movement of the table can be engaged, thus 
forming an inter-lock. The maximum table speed is 60 
fpm. With the lever again at the central position it can 
be pulled slightly towards the operator. This movement 
applies full working pressure to the system and positions 
the lever in the gate so that it can now be moved in a 
clockwise direction. The table will then move at a speed 
depending upon the extent to which the lever is rotated 
clockwise. A stop is provided, so that the same traverse 
speed can be engaged repetitively. To stop the machine, 
the level is centralized. From this centre position either 
the hand traverse or the power traverse may be engaged. 
The reversing lever is also “* joy-stick ’’ mounted. 


NEW CONCEPT IN MAGNETIC MEMORY 
DEVICES 

A new concept in memory devices, designated the 
“* Twistor ’’, is announced by the Bell Telephone Labora- 
tories, of New York, and is expected to make possible 
the construction of memory systems which are simpler 
and more economical to fabricate than existing systems. 
It is believed that this concept may have extensive appli- 
cations in computers and electronic switching systems 
requiring the use of rapid-access, high-capacity memories. 

The Twistor concept paves the way for the construc- 
tion of magnetic memory arrays by merely interweaving 
horizontal copper wires and vertical magnetic wires. 
Such a device would be similar to a ferrite-core array, 
without the cores, and would operate in much the same 
manner. The new device gets its name frcm a charac- 
teristic of wire made of magnetic material, i.e., that 
torsion applied to such a wire shifts the preferred direc- 
tion of magnetization from a longitudinal to a helical 
path. The coincidence of a circular and a longitudinal 
magnetic field can then be used to insert information 
into this wire in the form: of a polarized helical magne- 
tization, and the magnetic wire itself can be used as a 
sensing means. Application of torsion to the magnetic 
wire in a final device may be unnecessary, as the helical 
path for the preferred direction of magnetization can 
perhaps be “ frozen ” into the wire during processing. 

In practice, the circular magnetic field is provided by 
a current pulse through: the magnetic wire, and the 
longitudinal field by a current pulse through the copper 
wire perpendicular to the magnetic wire. Thus, storage 
requires two coincident current pulses, one pulse by 
itself being insufficient. Read-out is accomplished by 
overdriving the longitudinal field in the reverse direc- 
tion, the read-out signal being sensed across the magnetic 
wire. Because the ljnes of magnetic flux along the helical 
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SOLUTION TO TOUGHEST 
INDUSTRIAL BRAKING 





INDUSTRIAL DISC BRAKES by 


Send details of your problem to: 


Are you faced with difficult braking problems 
where conventional “ off-the-shelf” brakes 
simply cannot do the job economically, 
if at all? 


Are torque, energy and space your major 
considerations ? 


Get the facts of how they are solved by 
custom-built Goodyear Industrial Disc 
Brakes, based on the technique developed by 
Goodyear to control the largest and fastest 
aircraft in the world. 


Consider these features: 


* Any combination of torque and energy 
capacities. 


* May be operated hydraulically, mechanically or 
pneumatically. 


* Simple installation with minimum servicing. 
Quick, easy replacement of linings. 


* Certain types may be provided with automatic 
adjustment to compensate for lining wear. 
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path wrap the magnetic conductor many times, a favour- 
able increase in the output signal is obtained. 

Investigations are now under way to determine the 
optimum size and composition of the magnetic wires. 
Itappears that a conductor plated with magnetic material 
may have some advantages, and diameters as small as 
0-001 in. appear to be feasible. At least 10 bits of infor- 
mation per inch may be stored on such a wire without 
adverse interaction. 

In conventional magnetic-core memory devices, 
conductors must be threaded through the cores to make 
up a suitable matrix. When a ferrite sheet is employed, 
either a threading or a plating operation is necessary to 
locate the conductors suitably. However, with the 
Twistor, the ferrite material is completely eliminated 
and no threading or plating is necessary. The speed of 
operation and output of the Twistor is comparable with 
that of ferrite memory systems. Present indications are 
that the drive circuits for a Twistor array can be readily 
transistorized. Thus, a memory system using the Twistor 
concept will retain all of the advantages of ferrite core 
or sheet systems, and will be much simpler and more 
economical to fabricate. 


MINIATURE UNIVERSAL METER FOR 
ELECTRICAL MEASUREMENTS 

Stated to be the first of its type, the AVO “ Multi- 
minor”? pocket-sized current, voltage, and resistance 
meter, announced by AVO Ltd., of London, S.W.1, 
combines exceptional accuracy with durability, despite 
the fact that it is mass-produced and marketed at a very 
competitive price. Two models are available, i.e., for 
use in temperate climates or under adverse climatic con- 
ditions. For the pan-climatic version, a special fungus- 
resistant moulding powder is used, providing a very high 
factor of electrical insulation, even under conditions of 
extreme humidity. Furthermore, the indicating move- 
ment is housed in a dust-proof casing and all wiring is 
termite-proof. 

The most outstanding feature of the instrument is the 
use of printed resistors, produced from a special metallic 
alloy, this being the first time that such resistors have 
been used on any mass-produced apparatus. In one 
instance, it has been possible to combine a printed 
resistor with an auxiliary switch-plate as an integral part 
of the selector-switch mechanism, another printed 
resistor forming the universal meter shunt. High- 
stability carbon resistors have also been employed, 
wherever necessary. 

Another interesting feature is the provision of a high- 
quality rotary selector switch (usually the weakest com- 
ponent in inexpensive multi-range meters, if fitted at all). 
This switch is of unique design, a series of eighteen fixed 
silver-plated contacts being rigidly held in a ring of high- 
grade moulding material and wiped by a double-contact 
rotor arm. 

Measuring only 58 x 3% x 132 in., the instrument has 
a total of nineteen ranges, i.e., seven for d.c. voltage 
measurements up to 1000 V, five for a.c. voltage up to 
1000 V, five for d.c. current up to 1 A, and two for resis- 
tance up to 2 megohms. A single large scale is provided 
for current and voltage measurements and another scale 
for resistance measurements. Only two connection 
sockets are used for all measurements. 


AUTOMATIC TAPER ROLLER BEARING 
ASSEMBLY MACHINE 

Developed by the Sheffield Corporation, of Dayton, 
Ohio, a new automatic taper roller bearing assembly 
machine gauges the diameter and flange thickness of the 
inner race, selects the proper roller size, and assembles 
these, together with a cage. It then further gauges the 
assembly for torque and “stand-out” before segre- 
gatine. rated production being about 1000 bearing 
assen lies per hour. 

T\.: inner race is fed into the first gauge station at the 
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left-hand side of the machine, where it is inspected for 
diameter and flange thickness to determine the correct 
roller size to be assembled within a given ring. Rollers 
are selected from one of six preselected-size hoppers, 
which are located behind the machine, and the correct 
number and size are fed into assembly position at an 
assembly station. During transfer from the gauging to 
the assembly station, a roller cage is fed into position 
from a vibrating hopper at the left side of the machine. 





At the assembly station, the rollers are inserted into the 
cage and the inner-race ring inserted into the roller-cage 
combination. The assemblies are then transferred to 
additional stations, where they are inspected for the 
correct number of rollers and where the cages are 
crimped to make permanent assemblies. The last station 
inspects the assembly for correct stand-out under a re- 
volving load condition, after which they are segregated 
into * acceptable ” or “ reject *’ chutes. 


LIQUID-RETAINING SYNTHETIC MATERIAL 
Development of a basic new synthetic material 
capable of containing and retaining liquid during manu- 
facture and then giving it off at a predetermined rate, is 
announced by Perma Industries, Inc., of Los Angeles, 
California. In addition, if manufactured in sheet form, 
without liquid as an inherent ingredient, it becomes a 
fabric which combines waterproofiing characterstics 
with porosity, permitting the controlled passage of air. 
Designated ** Porelon’’, the new material is com- 
pletely reticulated and microporous, consisting essen- 
tially of microscopic spheres of resin, each of which is 
approximately 6 microns in diameter. In the manufac- 
turing process millions of these spheres are dispersed 
into a mixture consisting of a bonding agent and a liquid. 
The liquid may be ink, perfume, a medication, a lubri- 
cant, or any other which is miscible with the bonding 
agent. As heat is applied, the bonding agent is absorbed 
into the microscopic spheres. At a certain temperature 
these spheres become bonded together at their points of 
contact, creating a reticulated or interconnecting pore 
structure. As the spheres are fused together, the liquid 
ingredient, formerly mixed with the bonding agent, is 
trapped in this maze of pores, which are comparable in 
size with some of the larger molecules, such as those 
making up starch. Because of the microscopic size of 
the spheres, and still smaller size of the pores, the liquid 
is held within the material by capillary attraction. This 
attraction also keeps the liquid evenly diffused through- 
out the material. As liquid is taken off the surface of 
the Porelon, it quickly and evenly replaces itself as the 
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Two-In-One 
Unit 


REWIRABLE OR H.R.C. 








One of the outstanding features 
which have made the new “H” 
Type Slydlok Fuse universally 
popular is its ability to accept 
either Rewirable Fuselinks or 
H.R.C. Cartridge Fuses without 
any modification to the base or 
holder, a simple and economical 
arrangement which saves time, 
trouble and tempers. 


Further advantages of the “H” Type and details of other fuses in the Wilcox 
range are given in our latest Catalogue, a copy of which will be sent to you 
on request. 


EDWARD WILCOX & CO. LTD., WYTHENSHAWE, MANCHESTER, 22. 
Tel: WYT 2235/6/7. Grams: ‘‘Slydlox’’ Manchester. 
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remaining liquid redistributes itself throughout the mass 
by capillary attraction. 

Porelon can be manufactured to contain 40% or more 
liquid by weight. Thus, a rubber stamp, made from a 
strip of Porelon only in. thick, has been shown to 
contain sutticient ink to yield no less than 60,000 clear 
impressions. In addition, as it can be manufactured in 
any colour by the addition of dyes or pigments and with 
any desired degree of resiliency, from soft and sponge- 
like to rigid, an extremely wide range of other applica- 
tions is possible. Thus, for instance, it can be used for 
self-lubricating bearings, as it can be produced to con- 
tain many lubricants, including silicones ; also, it can 
be cast in any shape for use as a self-lubricating bushing 
or washer, or as a lubrication wick. Similarly, small 
pieces of Porelon can be placed inside delicate, enclosed 
instruments, so that vapour given off will keep the 
instrument lubricated and free from rust. 

Other possible applications under investigation in- 
clude the use of blocks of Porelon containing dissimilar 
electrolytes for use as a wet-cell battery, usesin medical 
fields, e.g., self-medicating bandages and plasters, and 
uses in the manufacture of cosmetics, e.g., as a combined 
lipstick container and applicator, in which the tip retains 
its shape permanently, or as a container and applicator 
for perfumes, deodorants, etc. Similarly, in the agricul- 
tural field, it can be made to emit vapours for the pre- 
vention of fungus growths on citrus fruits ard vegetables 
or as a container for insecticides. Another interesting 
possibility is its use as a filtering medium for liquids. In 
this case the Porelon is produced without a liquid ingre- 
dient, and the size of the pores is controlled, as required, 
during the manufacturing process. 


ELECTROLYTIC POLISHER WITH 

CONTINUOUSLY ROTATING LIQUID COLUMN 

Based on apparatus developed by the Atomic Energy 
Research Establishment, Harwell, the Shandon electro- 
lytic polisher, manufactured by the Shandon Scientific 
Company Ltd., of London, S.W.7, is characterized by its 
unique method of dispersing the anodic layer, resulting 
in complete freedom from flow lines, particularly in 
multiphase alloys. This is achieved by pumping the 
electrolyte through a series of orifices in such a way that 
it contacts the specimen in the form of a continuously 
rotating and renewed vertical liquid column. As a result, 
cold working and false deformation structures are elimin- 
ated, and specimen preparation is reduced to a mere 
routine, instead of a highly skilled operation. 





The polishing deck, mounted on rigid PVC, is a self- 
contained unit, which rests on the electrolyte tank and 
contains the pump, specimen clamp, and electrolytic 
cell. The pump is made from PVC and polythene, and all 
components in contact with the electrolyte are con- 
Structed of corrosion-resistant material. The specimen, 
forming the anode, is securely held in position by a 
spring-loaded specimen clamp, which serves at the same 
time to make the necessary electrical connection for the 
Specimen, 

The specially designed power supply has separate d.c. 
outpu*: and controls for manual and automatic polishing 
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and etching. Additional output terminals provide 
facilities for beaker etching, when required. For manual 
operation, all switches are independently and separately 
controlled by on/off switches. For automatic operation, 
a time-switch is set to the required polishing period (from 
1 to 90 sec), and at the end of the period both the pump 
and the direct current are automatically switched off. 
Electrolytic etching can be carried out as part of the oper- 
ation by switching to the “‘ etch ” position during the last 
seconds of the cycle. 


RELAYS FOR AIRCRAFT APPLICATIONS 

To meet the constantly changing and stringent speci- 
fications of the aircraft industry, a new range of aircraft 
relays has been developed by The Plessey Co. Ltd., of 
Ilford, Essex. Of these, the 60-A bridging make-relay 
illustrated, which is built to withstand severe conditions 
of shock, vibration, humidity, and altitude, operates 
over an ambient-temperature range of —65°C to +70°C 
and is available in two forms, i.e., hermetically sealed or 
dust-proof, both fitted with identical mechanisms. 





Compact, robust, and reliable, this relay has a 
balanced armature, so that correct operation is not 
affected by vibration or acceleration. In addition, the 
bridging contacts have a wiping action, thereby mini- 
mizing contact resistance. The hermetically sealed 
model, which is flame-proof, weighs 103 oz and has a 
moulded terminal shroud and detachable terminal cover, 
while the dust-proof model, weighing 9} oz, has terminals 
which are accessible by removal of the dust cover. 

The overload capici y of both versions, which are 
wound for 28 V d.c., is 480 A d.c. at 60,000 ft, or 600 A 
d.c. at lower altitudes, non-inductive. The hermetically 
sealed model does not depend onthe perfection ofsealing, 
for this overload capacity. At normal rated current, 
subject to certain limitations regarding the inductive 
nature of the controlled circuit, these relays are capable 
of a minimum of 100,000 make-and-break operations. 





Surface Rolling as a Method of 
Increasing the Fatique Strength of 


Gears 
(Concluded from page 578) 


complex shape), coupled with induction hardening of the 
tooth flanks. 

This investigation has established that gears of cast 
steel are by no means weaker than forged gears of 
similar core hardness, insofar as fatigue strength is con- 
cerned. Indeed, tests on segments of actual production 
gears have demonstrated that the application of surface 
rolling achieves a fatigue life in cast gears which is even 
higher than that of forged gears. 

As a result of these investigations, this process of sur- 
face rolling of tooth spaces was introduced into the batch 
production of gears. So far, experience available on the 
operation of a diesel-electric locomotive which has 
travelled 150,000 km using these gears has confirmed the 
effectiveness of this method of work-hardening. 
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TORRINGTON 
NEEDLE BEARINGS 
GIVE YOU THESE BENEF!TS 


%* compactness and light weight 
* unequalled radial load capacity 
* low starting 

and running friction 
* low unit cost 
% run on hardened shafts 
* allow larger and stiffer shafts 








Many good turns a day! 











MADE AND STOCKED 
enon = iygguaiaal write for our catalogue and to put your problems to our Bearings Divisic!. 


Power steering has brought new ease and simplicity to driving. 

In power steering mechanisms TORRINGTON NEEDLE BEARINGS have 
brought simplicity and economy of design, assembly and maintenance. 
Especially preferred for this type of application, Needle Bearings offer 
unusual service dependability with a compactness unequalled by any other 
anti-friction bearing of comparable capacity. Compact in themselves, they 
also contribute to compact housing design and the use of larger, stronge! 
shafts. They retain lubricant effectively, minimizing service requiremés 
Such features have led to the use of TORRINGTON NEEDLE BEARINGS in 
a variety of automotive applications; transmissions, steering knuckles, 
brakes, clutches, hydraulic pumps and many others. We invite you to 


TORRINGTON ////2// BEARINGS 


THE TORRINGTON COMPANY LTD. Bearings Division: Torrington Avenue, Covent 
London Office: 7-10 Eldon Stree asgow Office: 14 Moi Wate 

















NEWS OF THE MONTH 












PERSONAL 
3 Mr. F. Baxter has been appointed home sales man- 
~ ager for machine tools with A.A. Jones & Shipman Ltd., 
- Leicester. 

Mr. Miles Beevor, formerly managing director and 
» deputy chairman of the Brush Group, has joined the 
' Board of Rubery, Owen & Co. Ltd., Kent House, Market 
Place, London, W.1. 


E Mr. J. Calderwood, M.Sc. (Marine Eng.), technical 
' director of Associated British Oil Engines Limited, has 
' been appointed an executive director of the Board of The 
' Brush Group Ltd. Mr. Maurice Tattersfield, A.C.A., 
_ F.C.C.S., hitherto managing director of Brush Electrical 
_ Engineering Co. Ltd., Loughborough, is relinquishing 
these responsibilities and has been appointed an executive 
director of The Brush Group Ltd. and remains a non- 
executive director of Brush Electrical Engineering Co 
Ltd. Mr. B. L. Goodlet, O.B.E., M.A., M.I.C.E., 
M.I.Mech.E., M.I.E.E., director and chief engineer, 
Brush Electrical Engineering Co. Ltd., Loughborough 
has been appointed managing director of that company. 
Mr. R. G. Hooker, director and general works manager, 
Brush Electrical Engineering Co. Ltd., Loughborough, 
has been appointed director and general manager of that 
company. 


Mr. J. Chapman has been appointed director and 
general manager of Horstman Ltd., Bath, one of the 
Simms Group of Companies. Mr. M. A. Hassid, manag- 
ing director of Motor & Electronics Corporation, which 
has recently been acquired by Simms, has been elected to 
the Board of Simms Motor Units Ltd., Oak Lane, London, 
N.2, and to other Simms companies, including Horstman. 


Rear Admiral J. E. Cooke, C.B., M.I.Mech.E., for- 
merly engineer-manager of H.M. Dockyard, Portsmouth, 
who retired from the Royal Navy last July, has joined 
Vokes Ltd., Henley Park, Guildford, Surrey, in the capac- 
ity of consultant. 


Mr. B. W. A. Dickson, C.B.E., has been elected 
chairman of Oliver Pell Control Ltd., in succession to 
Mr. R. Sefton-Turner, who died on October 24th. Mr. 
Dickson, who was director and general manager of the 
Aircraft Division of the Vickers Group of Companies, is 
now a director of Alltools Ltd., Flight Refuelling Ltd., 
Flight Refuelling (Holdings) Ltd. and Prodorite Ltd. 


Mr. N. J. Ellerbeck has been appointed commercial 
manager of Simms Motor Units Ltd., Oak Lane, London 
N.2, to succeed Mr. W. Newland, who has been appointed 
export manager and assistant to the general manager, 
Mr. J. Ayres. Mr. W. H. Binns and Mr. D. H. Henri 
have been appointed sales managers of the Operators and 
Manufacturers Divisions, respectively. 


Mr. Brian Arthur Gomm has been appointed general 
manager of F. Perkins (S.A.) (Pty) Ltd., Johannesburg, 
the South African subsidiary of the Peterborough diesel 
engine company. 

Mr. J. M. Hallett, publicity manager of Ferranti 
Ltd., Hollinwood, Lancs, has been elected to the pub- 
licity committee of BEAMA. 

Mr. Fred Hamer, chief engineer, and Mr. Ansill H. 
Smith, works superintendent, have been appointed 
directors of Ashworth & Parker Ltd., Riverside Works, 
Bury, Lancs. 

Ms. T. S. Kilpatrick has been appointed director and 
geners! manager of Workington Iron and Steel Com- 
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pany, a branch of The United Steel Companies Ltd., in 
succession to Mr. Langton Highton, J.P., who relin- 
quished his position after 47 years’ service, but will con- 
tinue on the Board of United Steel and its associated 
companies in Cumberland. Mr. T. Sanderson has been 
appointed general works manager, in succession to Mr. 
D. R. Wattleworth, O.B.E., who retired after 50 years’ 
service. 


Mr. P. J. Landon, M.I.Ex., has been appointed sales 
manager of the newly formed Engineering Division of 
Airtech Ltd., Haddenham, Bucks. 


Mr. R. G. Lewis, formerly general amanager of 
Birwelco Ltd. and Brown Fintube (Great Britain) Ltd., 
Chester Street, Aston, Birmingham, and a director of 
Petrochem G.m.b.H., Dortmund, Germany, and of 
Servotomic Ltd., 175 Piccadilly, London, W.1, has now 
been appointed director and general manager of the two 
former companies. 


Mr. S. Mackenzie-Owen, M.B.E., has been appointed 
manager of Acheson Colloiden N.V., Scheemda, Nether- 
lands, the Dutch company of Acheson Industries (Europe) 
Ltd., 18 Pall Mall, London, S.W.1. 


Professor W. E. Morath, D.Sc., a scientist of inter- 
national repute in the field of forest products technology 
and wood anatomy, has joined the Board of International 
Plastics Ltd., 3 Vere Street, London, W.1, as director of 
research and development. 


CHAPMAN & HALL 


* New Books « 


IRRIGATION 
AND 
HYDRAULIC DESIGN 


Volume Two: 
Irrigation Works 
by 


Serge Leliavsky 
Ph.D., M.I.C.E., M.Am.Soc.C.E. 
Illustrated 


DATA BOOK 
FOR 
CIVIL ENGINEERS 


Volume Two: 
Specifications and Costs 
by 
Elwyn E. Seelye 
Third Edition - Revised 

Illustrated 





864 pages 14 gns. net 


589 pages £8 net 





37 ESSEX STREET, LONDON, W.C.2 
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In the new pickling shop at their mot + car 


division in Crewe, Rolls-Royce have 


Rolls-Royce 





intricate ducting moulded from copE 


This rigid vinyl sheet — light in weig':t, 
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/ Cobex 


dimensionally stable, and non-inflamiiable— 


can be worked and moulded at a fraciion 





of the cost involved in metal fabrication. The 


fine surface is hard-wearing and needs no 





painting or finishing. These are some of the 
advantages that make COBEx the ideal 
choice for this kind of installation. 

No other synthetic construction material 
combines the chemical resistance of COBEX 
with such ease of fabrication and low manu- 
facturing costs. 


Fabricated and installed by 


ACALOR (1948) Ltd., Crawley, Sussex. 


Available in sheets up to 8 x 4’ and thicknesses 
from 0.006” to 1” as well as in block or extrusions. 
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Mr. A. E. Parritt has been appointed contracts engi- 
neering manager, and Mr. D. Phelps, manager of the 
application engineering department, of Foxboro-Yoxall 
Ltd., Lombard Road, Merton, London, S.W.19. 


Mr. A. Phillips has been appointed Midland area 
manager of Monks & Crane Ltd., Garretts Green Lane, 
Birmingham. 


Mr. H. P. Potts, M.I.Mech.E., director of the 
Birmingham Small Arms Co. Ltd., chairman of B.S.A 
Guns Ltd. and of Monochrome Ltd. and managing 
director of the B.S.A. Tools Group of Companies, has 
joined the Board of The Colchester Machinery Corpora- 
tion Ltd., Canada, which is associated with the Colchester 
Lathe Co. Ltd., Colchester, Essex. Both are members of 
the 600 Group of Companies. Mr. Potts is immediate 
Past President of The Machine Tool Trades Association 
and member of the European Committee for the Co- 
operation of the Machine Tool Industries. 


Mr. P. M. Thomas, D.S.O., T.D., B.A. (Cantab.) 
formerly joint managing director, has been appointed 
sole managing director of William Beardmore & Co. 
Ltd. Captain Q.H. Paterson, D.S.O.,R.N.,M.I.Mech.E., 
has resigned his joint managing directorship, but will 
remain on the Board in executive capacity. 


Air Commodore Sir Arthur Vere Harvey, C.B.E., 
M.P., has been elected chairman of Aero Research Ltd., 
Duxford, Cambridge, and of Ciba Ltd., Horsham, in 
succession to Sir Raymond Needham, Q.C., who remains 
a director of both companies. Sir Arthur is deputy chair- 
man of Handley Page Ltd. and a director of Mullard 
Ltd. and Philips Electrical Ltd. 


Dr. K. J. Wootton, A.M.I.Mech.E., has been ap- 
pointed deputy manager of the Atomic Energy Division 
of The General Electric Co. Ltd., Erith, Kent. 


BRITISH STANDARDS 


(Copies of British Standards may be obtained from the 
British Standards Institution, 2 Park Street, London, W.1) 


Safety Colours in the Factory. A new attack on 
industrial accidents is heralded by the publication today 
of the British Standards Institution’s recommendations 
on Safety Colours in Industry (B.S.2929). 

The purpose of these recommendations is to establish 
throughout industry the use of a universal system of 
colours for the identification of hazards and safety 
equipment. 

As these recommendations are applied in factories, 
mines, shunting yards and other industrial installations, 
the confusion which now exists through the use of a 
variety of different colour codes should gradually be 
removed. The main advantage will be to associate in the 
minds of work-people certain colours and signs with 
particular types of hazard, an association of ideas which 
will not be upset should workers move to a different 
department in the same works or to a completely different 
factory or site. 

Indeed, the new system has a greater significance in 
that it is in substantial agreement with the code of safety 
colours shortly to be recommended for world-wide 
adoption by the International Organization for Standard- 
ization. This international code, as it is taken up by other 
states, should help to safeguard workers moving from one 
country to another by establishing a universal and easily- 
recognized safety-colour system. 

The new British Standard recommendations are 
extremely simple. The colours are : red, orange-yellow 
ane green. (Advice is given in the standard on the selec- 
tion of the right shades of these colours.) 
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The 
Only 
One 


OF ITS KIND.... 


THE PRECISION 


Red has the meaning STOP. 

Orange-yellow means WARNING OF DANGER. 

Green is used to identify or locate safety equipment 
and safety routes. 

Contrasting colours are used with the three main colours 
to form patterns which make for easier visibility. Thus a 
red and white chequered pattern would be used for the 
door of a store containing petroleum spirit. 

Geometrical forms—a circle, triangle, or rectangle— 
may be used as part of a safety message, but the colour 
in which they are painted and their meaning will always 
be the same. A circle, for instance, is to be carried out in 
= red and white) and implies an order of some 

ind. 

Examples of the application of the standard safety 
colours are : 

RED for buttons, handles or wires to be used in an 
emergency to stop a machine ; also for fire-fighting 
equipment. 

RED AND WHITE CHEQUERED PATTERN to 
indicate barricades and obstructions. 

ORANGE-YELLOW WITH BLACK DIAGONAL 
STRIPES to give warning of risks arising from 
changes in floor level, floor and head obstructions 
and open machinery guards. 

GREEN for fire and emergency exits. 

The standard contains illustrations in colour of 

typical applications. 

A green cross, in place of the familiar red one, is 
recommended for use on first-aid cabinets and so forth. 
This break with tradition was agreed on by the Committee 
—widely representive of industry—which drafted the 
standard, for these reasons: the green cross symbol 
is in line with the international code referred to above ; 
and green is already clearly associated in the public mind 
with safety, while red carries the meaning “* stop—keep 
away !”’ Price of the Standard is 4s. 6d. 















The serrations on 
the finely tapered 
shank which cut 
their way into the 
sheet prevent the 
bush from turning. 


The Patent Serrated 
Anchor Rivet Bush is 
the best means of 
providing deep 
tapped holes in thin 
sheet metal. 


PREC/S/ONW’ 


PATENT SERRATED 


ANCHOR RIVET BUSH 


SCREW & M FG. co. LTD. 


UNION ST WILLENHALL STAFFS 





592 





Ps, 
See 


ECL! 
x 


s 


tps mentees nt 


ae 


i : 
‘Eclipse’ hacksaw blades and other tools are made by James Neill & Co. (Sheffield) Ltd. and are obtainable from all tool distributors 





THE ENGINEERS’ 


UH20 


DIGEST 

















BUSINESS NOTES 

Rose, Downs & Thompson Ltd., Old Foundry, Hull, 
have acquired the licence from Hch. Bertrams A. G., 
Basle, Switzerland, for the manufacture and supply of 
high temperature heating plants using the Bertrams 
system, within the British Commonwealth, Dominions 
and Colonies and Ireland. The Bertrams plant incor- 
porates interesting developments in both the liquid and 
vapour phases, which have raised the efficiency of the 
boiler installation to about 80%. 


B. T. R. Industries Ltd., Herga House, Vincent Square, 
London, S.W.1, announce the formation of a Group Aero 
Division, which will concentrate on the design and manu- 
facture of components, such as wheel and brake assem- 
blies, hydraulic and pneumatic control equipment, high 
and low pressure hose units for fuel systems and other 
specialised rubber and plastic products. Further expan- 
sion, particularly into the field of components for guided 
missiles, will be accelerated. Mr. C. G. Erlam, who has 
extensive experience in the aircraft industry, has been 
appointed manager of the new Division. 


The Free Piston Engine Co. Ltd. have removed their 
head office and their considerably expanded research and 
development division to Mackay Works, Faggs Road, 
Feltham, Middx. 


Rotary Hoes Ltd. announce that a new drawing office 
block, experimental workshops and storage sheds have 
now been completed at their new factory premises at 
West Horndon, Essex. 


Hordern Richmond Ltd., Haddenham, Bucks, has 
shown to more than 80 guests at the British Council 
Film Theatre, London, a 40-minute film, describing the 
manufacture of “‘ Hydulignum ”’ densified wood lamin- 
ates and its various applications for press tools, propeller 
blades and many other purposes. Sir Norman Kipping, 
chairman of the Federation of British Industries, was 
amongst the guests at the premiere of the film, showings 
of which will be arranged in major industrial centres at 
home and overseas. 


Hoover Ltd. have recently almost doubled in size the 
engineering department at their headquarters at Perivale, 
Middlesex, which now occupies some 25,000 square feet. 
In addition, there are further laboratories in the com- 
pany’s other factories at Merthyr Tydfil, Cambuslang 
and High Wycombe. The engineering department com- 
prises design and development laboratories, drawing 
Office, model shop for prototype manufacture, products 
control laboratories and a department concerned with 
fundamental research into possibilities for new and 
revolutionary products. 


The Pyrene Co. Ltd., 9 Grosvenor Gardens, London, 
S.W.1, have acquired additional patents, trade marks, 
sales and manufacturing rights hitherto owned by the 
American Pyrene company. The British company is thus 
enabled to develop export markets in European countries 
and in South and Central America. Controlling interests 
of the Pyrene Company include Minimax Ltd., High 
Pressure Components Ltd. and Sun Engineering (Rich- 
mond) Ltd. Mr. Francis Harrison is chairman of the 
company. 


Atomic Industrial Forum, Inc., 3 East 54th Street, 
New York 22, N.Y., announce the availability of a com- 
plete conference catalogue and of all papers from 
—" of its recent conference on “‘ The 1957 Nuclear 
Ndustry ”. 


Westool Ltd., St. Helen’s Auckland, Co. Durham, 
anno::nce that, in anticipation of greatly increased de- 
manc at home and overseas, the production of “* West- 
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air ” climatizers is now being concentrated and expanded 
in a separate factory. A wide range of models is being 
produced for use both in tropical and temperate climates. 


Broadway Equipment Ltd., 194-196 Finchley Road, 
London, N.W.3, have been appointed by E. Gibas, 
Amsterdam, Holland, sole agents in the United Kingdom 
for the sale of their fully automatic tube grinding and 
polishing plant and their trimming machines for non- 
cylindrical drawn shells. 


The Electrical Engineers Exhibition to be held at Earls 
Court, will be opened on March 25th, 1958, by the Rt. 
Hon. Sir David Eccles, K.C.V.O., M.P., President of the 
Board of Trade. The Exhibition will cover an area of 
450,000 square feet. 


Caterpillar Co. Ltd., 55 St. James’s Street, London, 
S.W.1, announce a five-year modernisation and develop- 
ment programme at Great North Road, Newcastle upon 
Tyne, the site of the old Birtley works. An area of 400,000 
square feet of manufacturing space, in addition to office 
blocks and warehouses, will be developed. Col. R. T. 
Edwards, who was previously managing director of The 
Birtley Co. Ltd., is director and manager of operations at 
Caterpillar’s Newcastle plant. 


English Steel Tool Corporation Ltd., Openshaw, 
Manchester, have recently opened new premises at 167 
Dukes Road, London, W.3. Tel. No. : ACOrn 5602-3. 


The Du Pont Company (United Kingdom) Ltd., a 
wholly owned subsidiary of E.I. Du Pont de Nemours & 
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and first class delivery service always ! They include the famous MACROME 
Treated Tools for longer, more economical life and a wide range of tools by 
leading makers among whom are the following : 
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Co., Inc., with offices at 5 Charles II Street, London, 
§.W.1, has been formed to manufacture and sell Neo- 
prene in the United Kingdom and European markets. 
Durham Raw Materials Ltd. will act as sales agents. 


J. M. Steel & Co. Ltd., Kern House, 36-38 Kings- 
way, London, W.C.2, have opened new offices at 144 St. 
Vincent Street, Glasgow, C.2. Tel. No.: 3262/3. 


C. H. Johnson (Machinery) Ltd., Adswood, Stock- 
port, have been appointed sole agents in Great Britain 
and Northern Ireland to manufacture under licence a 
Swiss designed industrial lifting platform with some 
interesting features. Of simple electro-mechanical de- 
sign, it is already used extensively throughout Europe 
for a variety of lifting and loading purposes. 


Ketay Limited, Romford, Essex, in conjunction with 
Norden-Ketay Corporation in the United States, has 
recently concluded a licensing agreement with the Societe 
Anonyme Precilec of France. 

This agreement provides for the manufacture under 
licence, and sale, of Ketay and Norden-Ketay synchro- 
and servo-mechanisms in France, together with the inter- 
change of technical and manufacturing information 
between the three companies. 


The Instruments, Electronics & Automation Exhibition 
will be held at Olympia, London in April, 1958. With 
more than 60 new exhibitors, the British Section is com- 
pletely sold out. 

In the Overseas Section of the Exhitition stand space 
has been booked by exhibitors from Belgium, Denmark, 
France, Germany, Holland, Sweden, Switzerland and the 
U.S.A. 

In addition to the trade associations who sponsored 
the 1957 I.E.A. Exhibition—The British Electrical and 
Allied Manufacturers’ Association, The British Indus- 
trial Measuring and Control Apparatus Manufacturers’ 
Association, the British Lampblown Scientific Glassware 
Manufacturers’ Association, The Drawing Office Mater- 
ial Manufacturers’ and Dealers’ Association, the Scienti- 
fic Instrument Manufacturers’ Association of Great 
Britain—the Radio Communication and Electronic 
Engineering Association has joined this impressive list in 
promoting the 1958 Exhibition. 


].E.A. 1958 will again be accompanied by a Confer- 
ence, taking place at Olympia at the same time as the 
Exhibition itself. This year’s Conference will be inter- 
national in character, and scientists, engineers and in- 
dustrialists from many Continental countries, Canada 
and the U.S.A. have already asked for details. 

The exhibition is again organised on behalf of the 
promoting trade associations by Industrial Exhibitions 
Limited, 9 Argyll Street, London, W.1. 


The American Welding Society will hold its annual 
Welding Show at Kiel Auditorium, St. Louis, 15th to 
17th April, inclusive. During the same week, 14th-18th 
April, inclusive, the society will hold its annual technical 
meeting at the Hotel Statler. An informal Welding Con- 
ference, on a less technical basis, also will be conducted. 
Plant tours in the St. Louis area will round out the 
programme. 

Information may be obtained by writing to the 
A.W.S. Welding Show, c/o Robert T. Kenworthy, exposi- 
tion management, 12 East 41 Street, New York 17, N.Y. 


CONTRACTS 

The Nuclear Power Plant Company Ltd. have received 
from Ing. Mattei, President of Ente Nazionale Idrocar- 
buri, Rome, a letter of intent to negotiate the construction 
of Nuclear Power stations in Italy, and also to conclude a 
long term agreement for mutual co-operation on the 
design and development of power reactors. The agree- 
ment will be made between N.P.P.C. and AGIP Nucleare, 
a subsidiary of E.N.I. and will refer to reactors of the 
gas-cooled type. 

Throughout the negotiations, both parties have had 
the co-operation of the United Kingdom Atomic Energy 
Authority and their staff. 

The first station to be constructed under this arrange- 
ment will have an output of 200 megawatts and will in- 
volve the manufacture in the United Kingdom of con- 
siderable quantities of plant. The Nuclear Power Plant 
Company will be responsible for the overall design and 
satisfactory commissioning of the station, while AGIP 
Nucleare will place all local contracts and will carry out 
the site erection. 

The Nuclear Power Plant Company is a consortium 
consisting of the following companies : C. A. Parsons & 
Co. Ltd., A. Reyrolle & Co. Ltd., Head Wrightson & Co. 
Ltd., Sir Robert McAlpine & Sons Ltd., Whessoe Ltd., 
Strachan & Henshaw Ltd., Alex Findlay & Co. Ltd., 
Clarke, Chapman & Co. Ltd. The Chairman is Sir Claude 
D. Gibb, K.B.E., F.R.S. 

The company is already engaged on the construction 
of a power station at Bradwell-on-Sea, Essex, which will 
have two reactors, each with a guaranteed output of 150 
megawatts. The single reactor for the Italian station will 
be of the same over-all dimensions as the Bradwell re- 
actors, and the increase in output reflects the research and 
development that has taken place since the Bradwell de- 
sign was accepted a year ago. 


National Free Piston Power Limited, newly formed 
company of ihe Brush Group, announce that they are to 
receive a contract from the Zinc Corporation Limited 
covering the supply of a free-piston turbo-air compressor 
plant for installation at Broken Hill, Australia. The plant 
will consist of three National GS.34 free-piston gasifyers, 
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one Brush (series 200) expansion gas turbine, direct 
coupled to an Oerlikon rotary air compressor. 
The contract, which is subject only to Australian im- 
regulations, will be supervised on behalf of the Zinc 
Corporation by Rubert Bruce and Sons. 


The Brush Group is to supply three large diesel eleciric 
generating sets for a Power Station in French Guinea, to 
be built by an international group of aluminium com- 
panies at Fria, French Guinea. 

The Brush Group obtained this contract in the face of 
international competition, and were able to give very 
quick deliveries for the equipment. 

Each set will generate 2,200 kW A.C., 5,500 at 428 

and will consist of a Mirrlees 3,150 bhp engine 
directly coupled to a Brush alternator. 


Ferranti Ltd. have been awarded a contract valued at 
$3,925,250 by the Power Authority of the State of New 
York for thirteen generator transformers. 

The contract covers six 180,000kVA, 13-2/240kV 3 
phase transformers and seven 180,000kVA 13-2/120kV 3 
phase transformers for the Lewiston Power Station of the 
Niagara Power Project. 

The transformers will be of the forced-oil, forced- 
water cooled, inert gas-filled type and each will be directly 
coupled to a 167,006kVA 3-phase generator. The trans- 
formers will each weigh approximately 183 tons (240kV) 
and 155 tons (120kV). Delivery is to commence in the 
middle of 1959 and be completed by the end of 1960. 

This contract is believed to be the largest one for 
transformers so far placed in Britain by the U.S.A. It 
brings the total number of transformers supplied, or 
under construction by Ferranti Ltd. for the U.S.A. to 75 
of a total capacity of nearly 5,000,000kVA and a value of 
almost $10,000,000. 


Prince-Smith and Stells Ltd., Yorkshire specialists in 
worsted machinery and members of the Platt Brothers 
Group, have secured an order from Finland for a ‘“‘ New 
Bradford ’’ system mill plant, value £250,000. The sy- 
stem incorporates Raper Autolevelling and high-draft 
spinning. 

This contract is attributed to the Company’s exhibit 
at the recent Helsinki Fair. 


The award of a £14-million contract to Constructors 
John Brown Limited for the construction of natural gas 
pipeline system in Lower Austria by NIOGAS, Niedero- 
sterreich Gasvertriebs A.G., the Lower Austria organisa- 
tion responsible for the distribution of gas fuel was offi- 
cially announced. The gas will be used mainly for in- 
dustrial purposes. 

The pipeline system will cover a total of 160 miles and 
CJB will use the technical services of their American 
associates, Williams Bros. of Tulsa, Oklahoma. Austrian 
sub-contractors will carry out a considerable part of the 
work and Austrian labour and equipment will be used. 


The British Transport Commission has placed a con- 
tract with J. Stone & Co. (Deptford) Ltd. for the supply 
of 30 Stone-Maybach Mekydro twin hydraulic trans- 
missions for 2,000 h.p. Diesel hydraulic locomotives to 
be built at the Swindon Works of the Western Region. 

J. Stone & Co. (Deptford) Ltd., have the exclusive 
manufacturing and selling rights in the United Kingdom 
for these hydraulic transmissions from Maybach Motor- 
enbau G.m.B.H., Germany. 


Heenan and Froude Ltd., Worcester, have received an 
order from Chantiers de l’Atlantique, Penhoet, France 
for a Froude Dynamometer type FA1030 with a capacity 
of 12,500 bhp at 350/600 rpm. 

Following an order in 1955 for a large Froude Dyna- 
mome‘er of 10,000 bhp Wartsila-Koncernen A/B, 
Helsini, Finland, have now ordered a Froude type FA4 
Dynaometer of 1,500 bhp at 565/1000 rpm. 
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Classified Advertisements 


The rate for all classified advertisements is 9d. per word: in bold 
print 1s. per word : minimum order 10s. Box-number advertisements 
ls. extra. Instructions, together with remii e, must be received not 
later than the \st of each month for advertisements to appear in the same 
month’s issue. 





WANTED 


Copies of the February 1957 issue of THE ENGINEERS’ DIGEST 
are urgently required. 4/6d. each will be paid for copies in good con- 
dition returned to The Subscription Department, THE ENGINEERS” 
DIGEST, 120 Wigmore Street, London, W.1. 
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LONDON, W.1, MUeum 5250, 
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Manufacturers of 
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LUTTERWORTH, NR. RUGBY Tel. 10, 60 & 152 


























































Illustrating the extreme hardness of —— 
SINTOX Industrial Ceramic, the photo- 
graph on the right shows a 3” dia. tube of 
SINTOX which, without even chipping, — 
was forced through }” thick mild steel Tr 
plate. B. Wo 
Wil 
‘SEL? @ IN ENGINEERING “Co 
tems 
instruc 
SINTOX MECHANICAL APPLICATIONS. bay Althou 
The many mechanical applications of SINTOX ie » primar 
industrial ceramic will be of immense interest to the . ie this be 
designer and mechanical engineer. The remarkable é theory 
resistance to abrasion of SINTOX makes it . of the 
particularly suitable for such uses as inserts and studen 
supports at points where rapid wear presents a in solv 
problem. Already it has made a name for itself in Moreo 
the Textile industry, where the advent of artificial utilize 
fibres brought entirely new problems. Thread sideral 
guides made of SINTOX have been proved to have As 
up to a hundred times the life of those made these | 
of hardened steel. a as little 1 
— develo 
<> GY ately ¢ 
= 3 intend 
these 
field a 
- Ba 
he illustré 
a 4th S 
Co 
is und 
date t 
(= psych 
an ove 
SINTOX TECHNICAL ADVISORY SERVICE e/ analyt 
ES descri 
This service is freely available, without obligation, to those mathe 
requiring technical advice on the application of Sintox Pr 
Industrial Ceramics. Please write for booklet or any infor- stratic 
mation required enclosing blue print if available. difficu 
thoro' 
SINTOX IS MANUFACTURED BY LODGE PLUGS LTD., RUGBY. instr 
St 
illustr 
14th § 
Pr 
phoni 
first ti 
The a 
be an 
Carter sa 
availa 
In 
* w a realis' 
nfinitely Variable Speed Gears | =: 
an au 
two- | 
disc, | 
and t 
; ’ , ment 
Infinitely Variable Speed from input speed down to zero r.p.m. - 
Manufactured in ten sizes for fractional up to 35 H.P. drives. oil 
Standard controls for Hand, Electrical, Hydraulic or Automatic i 
‘F’ Type Carter Gear operation. Output speed may be adjusted with the drive Fe. 
with RUNNING or STATIONARY. 1947 
top mounted motor West 
and an 
flange mounted Carter Variable Speed Gears together with British Standard prog 
reduction gear. Motors and, where required, output reduction gears, form reliable, from 
° ol 
This motor arrangement efficient and compact Variable Speed Drives. Write for Folder 657.f- moti 
reduces the es 
floor space required ¢ 
unde 
limi nce ed in 
7/6 
""pratuapien ) Hei EAST SSE 5 he 
OTR mC AIiZ{me YORKSHIRE Br 
ENGLAND Cen 
: lec 
*phone: Bradford 64378 (3 lines) Allie 
*grams: ‘Became’ Bradford Tele. ~ 
——— ann 
Scot 


A93 THE ENGINEERS’ DIGEST De 











iable, 
r 657. 





ines) 
Telex. 
























BOOKS RECEIVED 





LATEST INDUSTRIAL LITERATURE 








Transmission Circuits. By Everard M. Williams, Ph.D., and James 
p. Woodford, Jr., D.Sc. 164 pp., 77 illustrations. Publishers : The 
Macmillan — N.Y., and 10 South Audley Street, London, 

1. Price : —. 

Wiens the principles of electrical networks and conductor sy- 
stems for energy and information transmission, this concise but 
instructive volume covers its subject in a straightforward manner. 
Although Professors Williams and Woodford have assembled the work 
primarily for teaching, rather than for reference, there is no doubt that 
this book is rich in content for students. Practical applications of the 
theory developed involve relatively little “* technique ’’. especially that 
of the semi-empirical character involved in many fields. As a result, 
students can rapidly reach the stage of responsible self-directed activity 
in solving many practical problems of a technical or economic nature. 
Moreover, although a relatively simple tundamental theory has been 
utilized, the solutions of some problems frequently necessitate con- 
siderable analytical ingenuity on the part of the student. 

Aselection of typical problems is included for solution by students, 
these being of three distinct types, i.e., (1) a few examples requiring 
little more than substitution in expressions ; (2) problems requiring 
development or proof of aspects of the fundamental theory, deliber- 
ately omitted in the text ; and (3) problems of a professional nature, 
intended to challenge the capacity of students as engineers. Many of 
these latter problems are derived from recent developments in the 
field and are of current interest. 


Basic Physics. By Alexander Efron, E.E., Ph.D. 724 pp., 800 
illustrations. Publishers : John F. Rider Publisher, Inc., 116 West 
14th Street, New York 11, U.S.A. Price : $7.60. 

Comprising two volumes, combined in one binding, Basic Physics 
is undoubtedly one of the best, most readable, and thoroughly up-to- 
date books of its kind ever produced. The author has adopted a 
psychologically organized “ spiral ’’ approach to the subject, in which 
an overall picture is first presented, followed by a more penetrating and 
analytical study at intermediate level. Thus, Volume I is essentially 
descriptive in its make-up, while Volume II is more searching and 
mathematical. 

Profuse illustrations, coupled with descriptions of basic demon- 
stration experiments and the use of model problems of graduated 
difficulty, serve to generate and maintain student interest, making this 
thoroughly effective and useful textbook even more outstanding and 
instructive. 


Stereophonic Sound. By Norman H. Crowhurst. 128 pp., 61 
illustrations. Publishers : John F. Rider Publisher, Inc., 116 West 
14th Street, New York, N.Y., U.S.A. Price: $2.25. 

Providing all the information required on the subject of stereo- 
phonic sound recording and reproduction, this interesting book is the 
first true assessment of what is essentially a new and exciting medium. 
The author has much to say, and says it simply and well, whether it 
be an elementary exposition of the theory of stereophonic sound or a 
discussion of the various systems available or likely to become 
available. 

In addition to details of basic binaural listening systems, in which 
realistic “‘ three-dimensional ’’ sound reproduction is achieved by the 
use of separate microphones and earphones for each ear, the author, 
an authority on his subject, covers stereosonic, coded-stereosonic, and 
two- and three-channel stereophonic systems, and their use with radio, 
disc, tape, and other media in the home, the concert-hall, the theatre, 
and the cinema. Full details of various makes of stereophonic equip- 
ment are included, together with practical information on the selection 
and location of loudspeakers for optimum reproduction. 


An Outline of Great Western Locomotive Practice. By H. Hol- 
croft. 176 pp., 150 illustrations. Publishers : Ian Allan Ltd., and the 
seg ory Publishing Co., Craven House, Hampton Court, Surrey. 

ice : -. 

The Great Western Railway was the only English railway to 
preserve its identity from the time of incorporation to the day of 
unification by British Railways. During a period of 110 years (1837- 
1947), much has been written about the locomotives of the Great 
Western, their design, construction, operation, maintenance, and per- 
formance, but these contributions are at best fragmentary. Conse- 
quently, the object of this work is to present an overall picture of the 
progress achieved over the years. The result is an eminently successful 
and absorbing account of the G.W.R. from the days when the line 
from London to Bristol was built to Brunel’s 7-ft gauge, and of some 
of the great engineers who were instrumental in perfecting its loco- 
motives, ranging from Daniel Gooch and Joseph and George Arm- 
strong to William Dean, Churchward, and Hawksworth. 


Garcke’s Manual of Electricity Supp'y, 1956-1957. Compiled 
under the supervision of Frederick C. Garrett. 836 pp. Publishers : 
"ee Press Limited, 19/20 Noel Street, London, W.1. Price : 


_ This new edition (Volume 54) of Garcke’s Manual is, as always, an 
invaluable aid to all those interested in a statistical record of the 
British Electricity and allied manufacturing industries. 

The book is conveniently divided into sections, including the 
Central Electricity Authority, Area Boards in England and Wales, 
Electricity Authorities in Scotland, Ireland, etc., Electrical Plant and 
Allied Manufacturing Companies, and a Directory of Executive 

tsonne!. In addition, a general survey is included, comprising a 
Statisticai review of the progress of electricity supply, based on the 
annual reports of the Electricity Authorities in England, Wales, and 
Scotland, and a summary of nuclear power development. 
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1. Box-Type Electric Furnaces. A selection from a wide range of 
electrically heated box-type furnaces is given in a well-produced 1!2- 
page illustrated booklet. The box-type furnaces described may be 
used for most industrial heating operations, and temperature limit- 
ations are the same as for any other electric resistance furnace, the 
maximum range being in the region of 1200°C. 

Details are also included of furnace loading, air circulation, pre- 
cipitation hardening, solution heat treatment, etc. 


2. Protective Coatings. Details are given in a 12-page illustrated 
booklet of protective coatings formulated primarily as lining materials 
for mobile, marine, and static tanks carrying a wide variety of aggres- 
sive chemicals, petroleum products, crude oils, vegetable oils, edible 
oils, etc., all of which tend to rapid corrosion of unprotected metal 
surfaces with subsequent contamination of the contents of the vessel. 
These coatings are also suitable for plant equipment in chemical and 
food trades and in oil refineries. 


3. Air Filters. Information on a new air filter is contained in an 
illustrated 8-page leaflet, the air filtration unit described combining 
a dry-plate electrostatic precipitator and an automatic renewing 
media filter. Dust particles are electrostatically attracted to the dry 
plates of the precipitator section, adhering to each other on the plates. 
When the build-up becomes great enough, the accumulation is carried 
by the air stream onto the automatically renewing media of the 
storage section, where the dirt and used media are tightly wound into 
a compact roll for easy disposal. 


4. Gravity Roller Conveyors. Specifications and details of gravity 
roller conveyors are incorporated in an illustrated 20-page brochure. 
In these units, reversed angle frames protect not only the operator’s 
hands and clothes by shielding spindle-ends, but also prevent the 
accumulation of dust and dirt. A further advantage of reversed angle 
frames is the ease with which side guards, side tables, etc., can be 
fitted. 

Each spindle acts as a tie-bar, thus ensuring maximum rigidity. 
There are no wires, cross braces, or underside obstructions, and rollers 
are easily withdrawn by the removal of a lock-nut and thrust collar. 
In addition, side members are multi-punched at 1-in. intervals, thereby 
enabling the user to alter the pitch of the rollers to accommodate a 
change in load. 

Examples are shown of light-, medium-, and heavy-duty types of 
roller conveyors, together with a section on ancillary equipment, 
adjustable and fixed stands, etc. 


5. Digital Counting Equipment. Details are provided in a neatly 
produced 12-page brochure of a range of digital counting equipment, 
including frequency meters and universal counter-timers, micro- 
second chronometers, and digital pulse delay generators. In addition, 
details are given of transducers for shaft speed control and techometry 
and of a stabilized power unit specially developed to fill the need for 
an efficient and cheap unit which can be built into experimental or 
production equipment. 

A supplementary 16-page brochure covers a range of telecom- 
munications equipment, including a new high-stability H.F. com- 
munications receiver, teletype receivers, wide-band transformers, 
12-way coaxial switches, and directional aerial arrays. 


6. Screw-Thread Inserts. A well-produced folder contains a number 
of pamphlets, bulletins, and descriptive literature dealing with a range 
of screw-thread inserts which are essentially precision-formed thread 
liners made from high-tensile, stainless-steel wire held to fine limits 
and special surface finish. They will not rust or corrode, and bolts or 
Studs fitted into them will not seize under high temperature condi- 
tions. They are available in a wide range of sizes, and each insert is 
supplied in five standard lengths, though, for special applications, 
non-standard lengths or sizes can be made. 

These screw threads have a slightly larger free diameter than the 
hole into which they are installed, and are compressed before instal- 
lation in an inserting tool for quick seating in the tapped hole. Conse- 
quently, they are self-locking, and no amount of vibration or screw 
turning will loosen them. However, they can be quickly and easily 
removed with an extracting tool, if necessary. When assembled in 
tapped holes, the inserts conform to the relevant British Standard 
Specification for screw threads. 
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NO REJECTS 
LATHE 

















The advantages of Copying 
Lathes Coupled with those of 
Multiple Set-up 





























































































































































































































AUTOMATIC The machine which “Thinks,, Fi 
for the Operator 
TURRET NO ERRORS 
















































































Standardized spindle end . r é “ «  ASA-6" 
Dia. of hole in spindle waa cs ei" 
8 Spindle speeds (standard range) r._p.m.. . 80-1500 
8 Spindle speeds (special range) rpm. . . 50-3000 
Max. distance from spindle flange to hex. turret 25°)," 
Max power required ar as ; .  . HP 4-8—8 
Net weight with standard equipments . Ib. 6500 





































































































MACHINE TOOL BUILDERS MINGANTI 


BOLOCWA 


EXPORT OFFICE 
MILANO (italy) - Piazzale P.ssa Clotilde 8 - Phone 637-193 
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APPROVED by 


LLOYD’S REGISTER OF 
SHIPPING for 


CLASS | 
WELDED PRESSURE VESSELS 








Newton Chambers have pleasure in announcing that they are 
now recognised by Lloyds Register of Shipping for the manufacture 
of Lloyds Class |. Fusion Welded Pressure Vessels. 


- Please forward your enquiries. 


NEWTON CHAMBERS & GO. LTD. 


THORNCLIFFE, Nr. SHEFFIELD 
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There is danger here — aanger to sight and limbs. But 
safety can so simply take the place of that danger. ‘‘Armourplate”’ 














glass shields give certain protection. And because the operator can 
see what is happening he works more confidently and efficiently. 
Accident rates drop, and production rises when ‘‘Armourplate’”’ glass 
shields are fitted. 


FOR SAFETY WITH VISION FIT 


“ARMOURPLATE’ GLASS 


PILKINGTON BROTHERS LIMITED 


Consult the Technical Sales and Service Department at St. Helens, Lancs. Telephone: St. Helens 4001 
or Selwyn House, Cleveland Row, St. James’s, London, S.W.1. Telephone: Whitehall 5572-6 





‘““ARMOURPLATE”’ is a registered trade mark of Pilkington Brothers Limited. Supplies are available through the usual trade channels 
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EFFICIENT AIR MOVEMENT - QUIET OPERATION - LOWER POWER CONSUMPTION 


fresh air all the time with 
.ackegg PROPELLER FANS 


Send for publication V 1220 giving full details of all G.E.C. propeller fans. 


The General Electric Company Limited, Magnet House, Kingsway, London, W.C.2. 
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FOR 
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CROSSLEY engines for essential duties 


Crossley Diesels have been chosen for yet another new nuclear power station, 
at present being constructed by the Nuclear Power Plant Company. Engines 
of the same design are in service or being installed in the United Kingdom 
Atomic Energy Authority’s power stations at Calder Hall ‘‘A’’ and ‘‘B”’, 
Chapel Cross and Dounreay. Permanently installed will be three Crossley 
“ES Vee’”’ 10 cylinder two-cycle Scavenge Pump Diesel engines, each rated 
at 620 b.h.p. at 1000 revolutions per minute and driving 450 kW. Lancashire 
Dynamo and Crypto alternators. These are automatic standby sets for 

the provision of current for essential services in the event of mains failure. 
The sets are supplied for Bradwell to Messrs. A. Reyrolle and Co. Ltd. 
Already installed on site is an ‘‘HSN 6”’ six cylinder two-cycle engine 
driving a 412 kW. alternator, this unit providing power on site during the 
construction period. Later two Goliath cranes will be installed, each 
powered by an “‘HSN 3” three cylinder straight line two-cycle Scavenge 
Pump Diesel engine driving Clarke Chapman 250 kW. alternators, one unit 
being mounted in one of the legs of each crane. These two sets are being 
supplied to the order of Messrs. Clarke Chapman & Co. Ltd. 


CROSSLEY ¢ DIESEL ENGINES 





CROSSLEY BROTHERS LIMITED - OPENSHAW - MANCHESTER 11 
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The Wrive tor 
Automation 


BEBGNMAN-DYNAMATLSO 


DEC 


VARIABLE SPEED 


COUPLING S 


innumerable examples, in the widest variety of applications, prove their 
versatility in solving almost any problem of controlled speeds, and response 
to almost any kind of signal. 


%* In this era of rising costs we are pleased to announce 
SUBSTANTIAL PRICE REDUCTIONS 


on stock sizes, made possible through increasing turnover and 
improved methods of production. 


HEENAN & FROUDE LIMITED 


MBER, 





WORCESTER. ENGLAND 
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Better Lighting— 
Better Production 


What is the lighting in your factory 
like? Have you recently checked 
the lighting level round the works 
with a light meter? 

The right lighting hasa significant 
effect on the speed and accuracy of 
production. When its strength, 
position and type is suitable for 
each job the craftsman can give full 
play to his skill, and the works 
engineer can do full justice to his 
shop. 

Good lighting is only one of the 
many ways in which electricity is 
playing a vital part in the drive for 
higher productivity. 


Electricity for Productivity 


Ask your ELECTRICITY BOARD for advice and 
information, or get in touch with E.D.A. 
They can lend you, without charge, films 
about the uses of electricity in industry. 
E.D.A. are also publishing a series of books 
on Electricity and Productivity. Titles now 
available are : Lighting in Industry, Electric 
Resistance Heating, Electric Motors and 
Controls, Higher Production, Materials 
Handling, and the latest addition to the 
series, Induction and Dielectric Heating. 
Price 8/6. or 9/- post free. 


issued by the British Electrical Development Association, 2 Savoy Hil!, London, W.C.2 
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and step up production... 









*A SUGGESTION FOR 
MACHINE MANUFACTURERS :— 


Why not fit your products with 
Anglepoise? We will submit 
samples on approval. 
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Some of the alternative bases for all models 


For working within close limits, an Anglepoise is simply 
indispensable. However good a worker and his eyes may 
be, he must see the job. This applies in all fine work, 
drilling, assembling, etc., where instantly adjustable 
close-to-the-job lighting is a sheer necessity. 

ANGLEPOISE throws a clear, concentrated light right on 
and into the work, not in the operator’s eyes, follows the 
job from any position or angle, degree by degree, at a 
finger-touch, and ‘stays put’ in any required position— 
and out of the way when not needed. It needs only a low- 
powered bulb for high-class results—a big saving on the 
lighting bill (it can be supplied with a small shade for low 
voltage systems). Why not learn more about this fine 
lamp by sending for Booklet E.D.? 


Regd. 


TERRY Anglepoise LAMP 


Sole Makers: HERBERT TERRY & SONS LTD - REDDITCH - WORCESTERSHIRE 
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RCHOMLE 


HEAVY DUTY —— 


furs, og if 


Wi 


TT photograph, taken at the Lincoln Works of 
b pons Bucyrus Ltd., shows their wise choice in 
selecting ARCHDALE for heavy duty vertical drilling 
machines. Built with a strength and rigidity to match 
the power required for continuous heavy work, these 
machines will drill up to 4 in. dia., in M.S., the 30 in. 
machine, 3 in. dia., and the 28 in. 
machine 14 in. dia. All three can 
be supplied with plain, elevating 
or com ound tables. 


3 4 : on ~ : ~ hs Re 
JAMES ARCHDALE & CO LTD - LEDSAM STREET -: BIRMINGHAM 16 


SOLE AGENT: ALFRED HERBERT LTD, COVENTRY 
A member of the Staveley Coal & Iron Co, Ltd. Group. 
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This 
HYDRAULIC TRANSMISSION UNIT 


The Churchill-Sturm Hydraulic Drive . . . . driven by a constant speed motor, 
is ideal for nearly all types of machinery, such combines the functions of gearbox, clutch 


as Wood-Working, Textile, Glass-making, Welding, and brake. The s 
Paper-Making & Printing Machines ; Machine Tools, ‘ e speed of the output shaft 


Testing Equipment, Mechanical Handling Plant, is infinitely variable over a wide range 
Winches & Hoists, Kilns & Furnaces, Chemical in either direction of rotation; up to 


Plant, Wire & Tube Draw Benches, etc. etc. ; 
about one fifth of the maximum speed the 


torque developed is constant and over the 

Illustrated is Model C24 . 
(34 H.P.) Hydraulic Drive remainder of the speed range the power 
with flange-mounted motor. output is constant. All moving parts are 
automatically lubricated and protected 
Made in NINE SIZES against overload; the unit has a high 
from 1} to 32 H.P. efficiency under all conditions and it 






requires virtually no maintenance. 


CHURCHILL-STURM LIMITED 


COVENTRY RD SOUTH YARDLEY BIRMINGHAM 25 





A COMPANY OF THE CHARLES CHURCHILL GROUP 
BAS/CC/QQ 
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There are no better diamond tools than those manufactured 
by Impregnated Diamond Products Limited of Gloucester. | 


a 
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oo 
COULTHARD 
MADISON-KIPP 








MODEL 500 


MCDEL 2I5E 








>” 
¢” DIECASTING 
SERVICE 


MODEL 400 





red MODEL 450 


et. WM. COULTHARD & COMPANY LTD. 
= DURRANHILL ENGINEERING WORKS 
TEL. 2148 CARLISLE TEL. 2148 





ST 
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** 476’. For tools operating under severe conditions of wear 
and abrasion or when maximum runs are desired. Air 
hardening, machinable. Applications include dies and punches 
for blanking steel sheet and plate, high silicon transformer 
materials, stainless steel and iron, brass, copper, zinc. Also 
for deep drawing dies, cupping dies, forming dies. 
‘*L.T.A.H.”’ Deep hardening in air at 840 deg./860 deg. C. 
with minimum distortion. Tough and abrasion resistant. 
Low decarburization. Machinable. Specially for tools of heavy 
or intricate section, heavy forming dies, blanking dies, trim- 
ming dies, notching dies, heavy duty punches, spindles, 
stripper plates, bending tools. 


‘SABEN’ 


SANDERSON 





A 
SABEN 


PRODUCT 


HIGH SPEED STEELS, 


Hl ) 
teels for Press Tools 


“«§.C.V.”" A hard tough steel which resists sinking. For 
cutting dies, drawing and rivet dies, stamping and blanking 
dies, pressing dies, coining dies. 


“ NEWHALL”. An oil hardening non-deforming steel. 
Has a wide range of applications in press tool work when it is 
not desired to use more highly alloyed steels. 


“PAX No. 2”. Shock resisting steel with high impact 
strength and good wear-resistance. For punches and dies used 
on thick gauge materials and subject to heavy shock. 


HOT WORK STEELS 








SANDERSON BROTHERS AND NEWBOULD LIMITED, ATTERCLIFFE STEELWORKS, P.O. BOX 6, NEWHALL ROAD, SHEFFIELD 9 
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Humber’s greatest Hawk 


Fine bodywork welded by Saturn-Hivolt 
Surge Injector Welding Units 





Notable always for the highest standard of 






bodywork. Humber recently announced their 






greatest ‘Hawk’. In this, as in many previous 






models, Saturn-Hivolt Surge Injector Welding equipment and 






Saturn Argon are used for many of the important welding operations. 






Saturn cutting and welding equipment has, for many years, played a big part 






in industry. The new Saturn-Hivolt Argon Arc Welding Machines offer 






the finest \.elding of aluminium and its alloys and stainless steel. 






Let us show you the complete range supplied 






and maintained from our many branches 






throughout the country. 





SATURN INDUSTRIAL GASES LTD 


Saturn Works, Gordon Road, Southall, Middlesex Phone: Southall 5611 


BRANCHES: 
GLASGOW <: BIRMINGHAM : MANCHESTER - SHEFFIELD 
LYMINGTON + SUNDERLAND -: THORNABY-ON-TEES 
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SUPERB LATHES iy) Y/ 








12°/123" H.D. CENTRE LATHE 
CENTRE LATHE 





The well known versatility of Crowthorn lathes is 
further enhanced by the range of attachments. 
Almost any machining operation can be performed 
with consistent precision. 


Please write for fully detailed literature. 








CROWTHORN ENGINEERING COMPANY LIMITED 
High Class-Machine Tool Makers 


REDDISH . STOCKPORT . ENGLAND 
Frome; STOCKPORT. .7271-2-3 Grams: CROWTOOL, REDDISH 


CL88 
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Electrical equipment 
for machine tools 


with from the simplest to full-automatic electrical 
control enables products to be held to closer 
tolerances, as well as boosting production and 
increasing reliability. 

Our specialists will be only too pleased to advise 
you and help you solve your driving problems. 





We supply in addition: 
Electronic drives 
Geared motors 
Quick-stop motors 


Arc and resistance 
welders 


Electronic generators 





— = — ——- < mo aa om 





84362.xI 
This Escher Wyss, Zirich, universal, vertical turning mill 
for workpieces up to 16 metres in diameter is equipped 
with Brown Boveri variable-speed drives, several synchro- 
nous ties and a large number of auxiliary motors. Maximum 
demands are imposed on the reliability of such drives and 
their control gear. 


Our lengthy experience is also at your disposal. 


BROWN, BOVERI & CO., LTD., BADEN 


SWITZERLAND 


nNepresentatives in most countries 
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GOLDEN JUBILEE 
50 years of devotion to the 
manufacture and development 





This year is our 


of diesel engines. 


Twenty years ago the need arose to build a port 
installation on Thailand’s main river, the Menam 
Chao Phya, as close as possible to the capital 
Bangkok, to provide berthing, warehouses and 
wharfeside cranes. The initial stage was completed 
before the war and finality will soon be reached. 
The nature of the river prevented siting the port 
in the heart of the city ; Bangkok’s own electricity 
needs were rising rapidly ; incoming equipment, 
interrupted by the war, placed higher demands on 
the port. For all these reasons it was decided that 


Geile 


diesel power for 


THAILAND 





the port should have its own diesel power station. 
Five years ago, Mirrlees/Brush equipment won a 
contract for generating sets to meet the present 
demands and three Mirrlees K6 engines were 
supplied, running at 428 rpm, driving Brush 575 
kW alternators. 

These sets with their associated 3.5KV Brush 
switchgear transformers and auxiliaries are now 
operating in a very attractive 2 storey power 
station, having provision for 2 further sets, on 
what is virtually a swamp, on concrete foundations 
each supported by fifteen 36 cms. (14 in.) dia. piles 
16 m. (§2 feet 6 in.) long both vertical and raked. 


MIRRLEES, BICKERTON AND DAY LIMITED 
A Member ef the BRUSH Group 


HAZEL GROVE 
Telephone: Stepping Hill 3841 (14 lines) Telegrams: ‘ Mirrlees Telex, Manchester’ 


STOCKPORT CHESHIRE 
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cast for a Gi iy-y74-¢)-)i-wa part 


This jockey carriage is cast in steel for a forge type of installation for the production 
of seamless tubes up to 10” diameter, and has to withstand unpredictable shock load. 
It is a good example of the versatility of steel casting, in that its sectional thickness 
varies from 2” to 7”, essential requirements that make it almost impossible to 
fabricate by any other method. 

Owing to good method planning this casting is free from defects and of especial 
interest is the fine finish. Note also the sectional thickness round the corners 

and edges. 













Jockey Carriage cast in steel for a Forge type 
installation for the production of seamless tubes 
up to 10" diameter. Weight as cast 30 tons. 
Sectional thicknesses max 7" min. 2”. Cast for 
The Wellman Smith Owen Engineering 
Corporation Ltd. by whose permission 
it is reproduced. 


TYPICAL LLOYDS STEEL SPECIFICATION 
Used for engineering products requiring hard 
wearing qualities. Grade R; 0.50% carbon, annealed 
Yield stress 25/30 t.s.i. Ult. stress 45/50 t.s.i. 
Elongation 15/10% R.O.A. 22/18%. 


a L Oo D S Britain’s best equipped steel Foundry 





FH. LLOYD & CO. LTD., P.O. BOX No. 5, JAMES BRIDGE STEEL WORKS, WEDNESBURY, STAFFS. TELEPHONE JAMES BRIDGE 2401 


Print for Industry Advertisement 
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‘OSD’ 
OPEN-SIDE 
SURFACE GRINDING MACHINE 


This heavy duty Horizontal 
Spindle Surface Grinder fully 
meets modern requirements 
for a machine capable of highly 
accurate work at maximum 
production rates. Available in 
three sizes with work table 
capacities of 30in. by ISin., 
48in. by I5in. and 72in. by 
15in. 






















Designed for heavy duty and continuous high speed precision 
working. 


Electronically controlled intermittent cross feed. Provision 
for accurate reversal when grinding recessed faces. 


Variable automatic vertical feed with pre-set automatic 
cut-out. 


Hydraulic table traverse up to 100 feet per minute. 


Table traverse ways automatically lubricated from oil supply 
independent of hydraulic system. 


Permanently protected precision ground slideways. 
Electrically driven slow cross traverse for wheel truing. 


Grinding wheel spindle electrically interlocked against 
starting until lubricating pump is running. 


THE CHURCHILL MACHINE TOOL CO. LTD. BROADHEATH, NR. MANCHESTER 


Telephone : Altrincham 3262. Telegrams : Churchale, Manchester 
Export Sales Organisatisn : ASSOCIATED BRITISH MACHINE TOOL MAKERS LTD. 

LONDON, BRANCHES AND AGENTS. 

Home Selling Agents : CHARLES CHURCHILL & CO. LTD., cmancn <. 


PRECISION plus PRODUCTION 
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TAYLOR- SURFACE FINISH 
meee VOW /NTRODUCE 
model 100 Hwahe 
‘TALYSURF’ 


Designed for on-the-spot workshop applications, Model 100 








“Talysurf’ surface measuring instrument can easily be carried 
to a machine or bench as required. Small parts to be inspected 
are placed on the work-table, whilst four adjustable fences 
are provided to aid the location of cylindrical components. 


TAYLOR, TAYLOR & HOBSON LTD. LEICESTER, England 








The illustration shows the in- Q © % ( 
strument in use checking the . : 
surface finish of a circular () C) C)Q) 








component after being 
ground on a Jones & Shipman 
universal grinding machine. 
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HOISTING 
rirTnouT A HITCH! 


If there is one factor more than another that 
would account for the ever-increasing demand for 
Morris electric hoist-blocks, it is the simplicity 
of their design and construction. As our sectional 
illustration shows, the motor, the straightforward 
reduction gear, the drum, powerful brake and 
robust contactor panel are supported by a welded 
steel frame. Thousands of users have already 
proved that this simple, practical arrangement 
results in dependable service even under adverse 
conditions—in fact, hoisting without a hitch. 

Sizes }, 3, |, 2, 3, 5, 7$ and 10-tons. Types 
for fixed, suspension, push travel, geared travel 
or for electric travel. 


=s MORRIS 


ALL-BRITISH BALL-BEARING 
ELECTRIC HOIST-BLOCKS 




















Resident engineers 
ig available for consul- 
tation in London, 
Glasgow,Manchester, 
Birmingham, Leeds, 
Sheffield, Newcastle. 
Cardiff, Bristol, Dun- 
dee, Liverpool, Not- 
tingham, Bury St. 
Edmunds and Belfast. 





WHY TAKE A CHANCE? 
INVEST IN A MORRIS AND BE SURE! 





HERBERT MORRIS LTD P.O. BOX 7 LOUGHBOROUGH 
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Load-Bearing High 
Tenacity Rayon Cords, 
embedded in gum 
rubber, which dissipates 
heat and reduces 
internal friction 
to a minimum. 





Controlled wedgin : ? 
action of welseaieucally ; ‘ Elastic rubber cushion 
correct compression Se hs distends when flexing 
cushion ensures - 
flexibility and high ae 
horse power 
transmission 
factor. Tough outer covers 
of Rubber impregnated 
cotton duck, bias 
cut for greater 
flexibility, give 
maximum wear, 
resistance and 
Made to B.S 1440/1948 grip. 















|| TURNERS 
: RAYON CORD \Y/BELTS 


2 URNER BROTHERS ASBESTOS CO. LTD. ROCHDALE ENGLAND 


A MEMBER OF THE TURNER & NEWALL ORGANISATION 
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PLANO-MILLING 
MACHINE 


































Capacity 6ft wide x 
/ h wD 6ft high x 18ft long. 
1 apa le 8 RR ye _ Infinitely variable 
eo) rg speeds and feeds. 
: 
The « 
houn 
greyh 
fur-ci 
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led b 
partic 
YCO 
bron: 
MILLING HEAD FEED LH.VERTICAL HEAD R.H.VERTICAL HEAD HORIZONTAL HEAD envia 
¥ 
KENDALL & GENT LTD O 
C) GORTON MANCHESTER 
EMERGENCY STOP EAST 1035 EMERGENCY pee 
TABLE TRAVERSE MILLING HEAD TRAVERSE CROSS-SLIDE LH © HEAD © HEAD s] HEAD re 
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ppearances are deceptive 


The electric hare is ingeniously designed to foil the grey- 
hounds’ instinctive tendencies, yet if it were caught, the 
greyhounds would find not a living creature, but a spurious 
fur-covered contraption. 


Thus with castings, even an experienced buyer can be mis- 
led by their appearance, but those who put them to their 
particular duty find a world of difference. 


YCOL castings in gunmetal, phosphor bronze, manganese 
bronze, aluminium bronze, and aluminium alloy have an 
enviable reputation, for purity, uniformity and durability. 


Take no chances—specify YCOL. 





reliance om Cf} Oo always well founded 





| 


WHYTE & COLLINS LTD., KELVIN WORKS, STOKE-ON-TRENT 


DECEMBER, 1957 Volume 18, No. 12 


A23 








Area Gas Board Engineers enable you to economise on fuel and labour. 


A recent approach to an Area Gas Board resulted in a new plant for drying films—the air heater 
was coupled to the drying oven and the application of automatic control 
resulted in a fuel saving of 50% in the first year. 


It’s well worth while to CONSULT YOUR AREA GAS BOARD 


The Gas Industry makes the best use of the Nation's coal 
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and auto ic; control 


Automatic Temperature Control 
alone guarantees a consistent 
product. The declared constant 

calorific value of gas simplifies 


all such control problems. 


Issued by the Gas Council 
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HOT-DIP GALVANIZING 


e 


” t 


As pioneers of hot-dip galvanizing 
Harveys have exceptional facilities for 
its application, including baths 15 ft. x 
7 ft. x § ft. 9 in. deep and 30 ft. x 3 ft. x 
5 ft. 6 in. deep. 

Regular and frequent collections and 
deliveries by Harvey Vans within a 
radius of 25 miles. Rail Traffic 
handled through private sidings. 


Harvey 


G. A. HARVEY & CO. (LONDON) LTD. 
WOOLWICH ROAD, LONDON, S.E.7 
Telephone: GREenwich 3232 (22 lines) 
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B. 0. MORRIS LIMITED 
MACHINE TOOL DIVISION 


Extensions to our Portsmouth Factory now permit us 
to offer to Industry the facilities for Machine Tool Rebuilding 
which previously have been available only to 
THE UNITED KINGDOM ATOMIC ENERGY AUTHORITY 


Machines up to 10 Tons can be rebuilt to 
any desired standard but will normally be rebuilt to 
SCHLESSINGER LIMITS 
as modified by the recommendations of 
THE INSTITUTIONS of MECHANICAL and PRODUCTION ENGINEERS 





OUR REPRESENTATIVES 
are freely available to inspect your plant in situ. 








Enquiries 


B. O. MORRIS LIMITED B. O. MORRIS LIMITED 


415 Commercial Road Briton Road 
PORTSMOUTH COVENTRY 
Portsmouth 71653 Coventry 5081 
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| metal components 











can cost | AD [tess 


than cast and 
machined parts 











They can be produced in the most 
‘impossible’ shapes 
in quantity by Sintered Metal Components Ltd, shapes 


which could not otherwise be achieved without multi- 
machining operations or riveting. 





They are more accurate 

achieving half thou. tolerances without resort to after- 
machining. 

They need no machining 


except in the case of threads, re-entrant angles and cross 
holes, machining is totally unnecessary. 





They are ultra versatile 


Within their size limits (23” x 24”) the scope of Sintered 
Metal Components is virtually infinite. They are available 
in forms for riveting, plating and hardening, with up to SIX 
TIMES the resistance to wear of hardened steel, graphite im- 
pregnated for self-lubrication, and with an almost frictionless 
mirror finish exclusive to Sintered Metal Components Ltd. 





If you would like to know more of the immense possibilities 
of Sintered Metal Components details will be sent on request 
or better still come and see for yourself in Chard. 





METAL COMPONENTS LID 


DEPT.:No."6 BODEN WORKS CHARD SOMERSET 


Other members of the Sterling Industries Group of Companies are: 
DUALLOYS LTD the plain bearings specialists 

STERLING INSTRUMENT CO LTD fine precision for 

the Admiralty, Aircraft and other industries 

EXACTOR LTD manufacturers of Wilkerson Self-acting 
Airline Moisture Extractors, Trabon Centralised System of 
Lubrication and Industrial Hydraulics 


JW.Ad39%4 


THE ENGINEERS’ DIGEST 












LTD 


ERSET 


es are: 














439% 





a: 





Unit Dust Collectors 





A. E. GRIFFITHS 


(SMETHWICK) 


Micronette 


and 


Micromaster 


These two unit type Dust 
Collectors can be applied to 
most grinding, polishing, cutting, 
buffing or abrasive operations 

on mild steel, cast or 

malleable irons, aluminium, 
plastics, rubber, ebonite, 

wood, etc., etc. 


No special foundations or fixing 
arrangements are necessary. 


Where desired castor bases 
can be fitted (as illustrated). 


The Micronette has a capacity 
range of 500 c.f.m., 1 h.p. motor. 


The Micromaster (as illustrated) 
has a capacity range of 
1,000 c.f.m., 2 h.p. motor. 


The following specifications 
apply to both models :— 


Starter : Push button 
operated with overload trips and 
no-volt release. 


Fan : Shrouded type with back- 
ward facing blades, giving 
non-overloading characteristics. 


Filters : Textile sleeves with 
spring loaded retention. 


Reciprocating type shaking gear 
is standard fitting. 


Inlet Ports : Three alterna- 
tive positions. 


Dust Collection : Removable 
tray, covered by airtight 
door, giving access also to 
filter sleeves. 


Finish : Bronze hammered 
finish paint. 


For illustrations and 
further information write for 
brochure E.D.U/1. 


PLANT 


BOOTH STREET, BIRMINGHAM 21 
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The world’s | 
household names USC Bites Roce : 


The doors commanding the world’s largest sale 






















British European Airways fitted Brady Steel Rolling 
Doors to the building recently supplied and erected at 


London Airport by The Coseley Engineering Co. Ltd. 

of Wolverhampton. Brady Rolling Doors in steel, 

wood or aluminium—hand or electrically operated— 
\ Rp FE A | are available to fit any type of opening. 
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G. BRADY & COMPANY LIMITED MANCHESTER 4 


Send for full informative literature No. 10. Phone COLIyhurst 2797/ 8. 





London: Thames Works, Strawberry Vale, Twickenham, Middx. Birmingham: 
Rectory Park Road, Sheldon 26. Canada: David C. Orrock & Co. (G. Brady & Co. 





Canada Ltd.) 4925 De Sorel Street, Montreal, Que. and also at Suite 2/23 


Applewood Village, 1077, Queen Etizabeth Way, Port Credit, Ontario. Norway: 





An Thorbjérnsen, Kongensgate, 14, Oslo. Hong Kong: Blair & Co. Ltd., Windsor _ - 
House. we shutter the world 


MANUFACTURERS OF BRADY HAND AND POWER OPERATED LIFTS 


$.2810——————— 
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1000 times a minute! 


The Varley S.M.O. solenoid is the first of a range of miniature solenoids 
being developed for the electronic and accounting machine industries. 
It can operate about 1000 times a minute through } in. 
Varley make Solenoids of all shapes and sizes 
to push or pull anything from ounces to thousands of pounds. 
If you need to push, pull, press, prod or punch—by remote control— 
investigate the applications of Varley Solenoids. 


They are 100°%, British in design and manufacture. 





For full details of Varley Solenoids send this coupon 


OLIVER PELL CONTROL LTD. 
CAMBRIDGE ROW, WOOLWICH, S.E.18 
[_] Please send me illustrated booklet ““VARLEY SOLENOIDS” 
[_] Please arrange for a technical representative to call on me 


NAME. 











COMPANY 





arley 


E.D. 





ADDRESS 
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| OLIVER PELL CONTROL LIMITED 
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Buy 
SPEEDICUT 


Britain’s 
Best 


Hacksaw 








@ HIGH TUNGSTEN 
STEEL 


@ HIGH SPEED 


@ LONG LIFE 


SPEEDICUT 
Ine Nella TOOES 





FIRTH BROWN TOOLS LTD. SHEFFIELD 


—— 


Made in Britain's Largest Tool Factory; 
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‘FIRTH BROWN 


ALLOY STEELMAKERS * FORGEMASTERS * STEEL FOUNDERS * 'HEAVY ENGINEERS 


THOS FIRTH & JOHN BROWN LIMITED 2 SHEFFIELD : ENGLAND 
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SPECIAL ANTI-CORROSIVE 
“EPINAMEL LININGS 


for 
STORAGE TANKS - MOBILE TANKS - CHEMICAL PLANT 





A newly developed process resistant 
| to abrasion and corrosion and to the 
action of chemicals, water and propellent 
| fuels. Possessing maximum _ hardness 
without brittleness 


HOLDENS 


A Ww 


EPINAMEL 


FULL DETAILS FROM 
ARTHUR HOLDEN & SON LTD., BORDESLEY GREEN RD., BIRMINGHAM 9 
TELEPHONE: VICTORIA 276! (7 Lines) J 2655 


CALDWELLS * m”" STAINLESS STEEL | 


Chemical Plant, 

















Mixing Vessels, 
Storage Vessels, 


Tanks, Ducting, 


Piping, Flanges. 
SPECIALISTS IN STAINLESS STEEL 





AND MILD STEEL FABRICATION. 





CONSTRUCTIONAL STEELWORK. 





CAPSTAN AND REPETITION WORK. 





SEND YOUR ENQUIRIES TO: 


T. CALDWELL & SON 


ST. JOHN STREET, BOLTON 





Est. 1877 Phone BOLTON 3672 (2 lines) 
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** The Lincoln Jackson 
A-W Electrode Holder 
takes up to a }” electrode, 
and operates up to 

300 amp. 

*%* The Lincoln Jackson 
JH-2 Electrode Holder 


takes up toa "electrode, 


and operates up to 


200 amp. 











LINCCLN ELECTRIC CO LTD 





DECEMBER, 1957 





3 
LINCOLN ELECTRIC SERVES THE INDUSTRY OF THE WORLD 16 








* A-W holder 


* JH-2 holder 


The NEW 
Lincoln-Jackson 
Fully Insulated 
Electrode Holders 


Acclaimed in the U.S.A. as their leading electrode holders, the new 
Lincoln Jackson holders A-W and JH-2, are now manufactured in the 
United Kingdom by Lincoln Electric Co. Ltd., the largest manufacturers 
of D.C. Welding Equipment in the United Kingdom. 

Careful and clever design of the extra long handle has resulted in greater 
ventilation, which enables the welding operator to complete all the extra 
‘hot jobs’ without discomfort. 

The fully insulated, replaceable crown jaws of the Lincoln Jackson 
holders ensure greater heat resistance and durability. The jaws are made 
of 98% copper alloy, which is treated for greater hardness and conduc- 
tivity, yet they are feather light in weight. 

The insulation provides full protection from accidental arcing to the 
welding operative and his work throughout the entire operation. 

The Lincoln Jackson holders are trouble-free and provide consistent 
service to the user, whilst fully interchangeable replacement spares at a 
moderate cost are easily obtainable and simple to fit. 

For the most reliable performance and superlative efficiency, the 
Lincoln-Jackson Electrode Holders A-W and JH-2 are undoubtedly the 
best available in the United Kingdom. 


> WELWYN GARDEN CITY - HERTS - WELWYN GARDEN 4581 (5 lines) 920 (5 lines) 
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, Don’t buy oil seals haphazardly. Get Pioneer Oil Seals. 
i Pioneer representatives are factory trained men who can deal with to h 
i any oil-sealing problem on the spot and recommend the seal you need. 
\ 02 a Pioneer Personal Oil Sealing Service means not only studying 
¥ 4 a customer’s individual needs ; it also means recommending the right oil seals 
{ Se ey and personal inspection when they are in use. 
i Buy Pioneer and make sure your oil-sealing problems are solved for all time. 
A Write now for the most comprehensive catalogues in the trade on 
4 Oil Seals and O-Rings and for your copy of the OIL SEAL JOURNAL 
“ 
*., 
~~» PIONEER 
Oilsealing & Moulding Co. Ltd. 
A DIVISION OF J.H.FENNER & CO. LTD. Tele 


Factory & Head Office: Cottontree Works, Colne, Lancashire - Telephone: Wycoller 41 1/2/3 
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“Vokes‘ Top Servicing’ 
lubricating oil filter 


makes life a lot omint | 


‘Top Servicing’ is yet another Vokes 
development. It cuts maintenance time 
to a minimum—saves man hours and 
money. You simply unscrew the clamp 
ring, remove the cover plate and inner 
seai, and withdraw the filter element. The 
clamp ring may be locked in any radial 
position, a particularly useful feature in 
confined spaces. ‘Top Servicing’ is typical ’ 
of Vokes practical approach to filter f 
problems. If you have a filtration 





problem please contact our 
engineers. They will be glad 
to help you. 








Pioneers of Scientific Filtration 


VOKES LIMITED - GUILDFORD - SURREY 


Telephone: Guildford 62861 (6 lines) + Telegrams and Cables: Vokesacess, Guildford, Telex 
Vokes (Canada) Ltd., Toronto. Vokes Australia Pty. Ltd., Sydney. 


—_—. 


Represented Throughout the World 



















* Telex: 13-535 Vokesacess, Gfd. 
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Intricate Wiring 


is speedier 
and cheaper... 


I ag ggg 


KOPEX pliable electrical conduit is 
both strong and light and can be set, 
bent and cut by hand. Installations 
are quick, neat, rigid and permanent. 
Protected against corrosion, heat 
resisting and waterproof, Kopex is 
the most practical conduit for wiring 
of machine tools, switchboards, in- 
dustrial equipment and other factory 
installations where full protection 
against corrosion, oil and suds is 
essential. 

In single and double steel or alumin- 
ium formation—also available with 
P.V.C. outer covering if required. 
Kopex N.L.S. grade P.V.C. covered 
conduit is the most economical in 
the Kopex P.V.C. range. 


ELECTRICAL CONDUIT 


) AlN \ \I 


aE 
——1 1 


and is also 
suitable for 
complete 
wiring 
installations 


st bee 
— 
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UNI-TUBES LTD. 


Head Office: 
1/2 LANGHAM PLACE, LONDON, W.! — 
Tel: LANgham 6807/8/9 < Send for prices and fuil 


: technical information. 
Works: fe 


ALPHA STREET, SLOUGH, BUCKS 
Tel: SLOUGH 25476/7/8 
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|sROR ae & 3B on OD 4 CLUTCHES are also made in a wi 


range of sizes, including a new combined clutch and power take-off. 






BORG & BECK COMPANY LTD., LEAMINGTON SPA, WARWICKSHI 





Write for our new illustrated brochure telling you all about Keetona Hollow Bored Bars to 


KEETON SONS & CO. LTD. 


KEETONA WORKS, GREENLAND ROAD, SHEFFIELD, 9. TEL: SHEFFIELD 42961/4. 


CRC) 


SYA MEMBER OF THE FIRTH CLEVELAND GROUP 






How hollow bored bars can cut your costs 


All over industry people are 
finding it’s cheaper to use K: etong 
Hollow Bored Bars for applic itions 
covering a very wide field. 
Keetons specialise in supplying 
Hollow Bored Bars : they’ve 
developed the process during 25 
hard-thinking, hard-working 
years. Where a job can’t be done 
by any other method, because the 
quantities needed are too small, 
Keetons will do it cheerfully by 
deep hole drilling at much lower 
cost than you’d expect. For keen 
prices and quick delivery Keetona 
Hollow Bored Bars have 

the rest licked hollow! 





CRC §KH 










































































guarantee of accuracy. 


Chaser and Receder Die Stocks - Stillson Pattern Wrenches 








BIRMINGHAM I[6. Tel: Edgbaston 352! 





More than 100 years experience goes into the 
manufacture of CHATWIN tools. They are recognised 
the World over as the best obtainable; the name alone is a 


CHATWIN SMALL TOOLS 


Clyburn Spanners 


Pipe Unions - Thread Milling Cutters - Flat and Circular Chasers - Gear Cutters 
Form Tools and other Screwing Tools, Screwing Machines and The Polygon Box 
Write for a copy of Chatwin’s Special Tools Catalogue 


THOMAS CHATWIN & CO. —Ci ) 


VICTORIA WORKS, GT. TINDAL STREET 
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Our magnets are really better 





behaved than this. In fact, they are 
almost indispensable if you wish to 
move iron and steel about, and at 
the same time cut the cost of doing 
so. If you are looking for a “‘ lift ’’ 
in production our publication No. 


116 will tell you how to do it. 


’ Also available is the Rapid ‘‘Reguload”’ for precise control 
j \ of lifting or discharging. 


| MAGNETIC MACHINES LTD 


— BIRMINGHAM, 12, ENGLAND. 











HALF A CENTURY OF SPECIALIST EXPERIENCE 
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Taking the measure of 
HARDNESS— — 





The Vickers Pyramid Hardness Testing Machine, compact in size 
and comprehensive in service, provides a simple and accurate 
method of metallurgical control at the place of production. 
Simple to operate, it can handle an unequalled range of work 


with exceptional accuracy. 


The Vickers Portable Gear Hard- 
ness Tester combines the essen- 
tial features of Pyramid 
Hardness testing with porta- 
bility, enabling testing on the 
itch line of gears, particu- 
arly in such places as ships, 
wer stations, etc., a 
arge rs cannot easily 
aa 


The Vickers Portable Hardness 
Tester, specially developed 
from the standard machine, 
combining all its essential 
features with an extensive 
portability. It allows testing 
on all kinds of work—in the 
laboratory, on the shop floor, 
in positions where large com- 
ponents cannot be moved. 


All these machines are 
equipped with the standard 
Vickers Micrometer Ocular 
which, used in conjunction 
with the Vickers Pyramid 
Diamond Indenter, gives 
readings in the internation- 
ally recognised VPN. 


Vickers Hardness 
Testers 


Please send for a catalogue giving full details. 


VICKERS-ARMSTRONGS (ENGINEERS) LIMITED 


13 City Road 


London, E.C.1. 


Tel: METropolitan 8877 : Telegrams: Vicksbox, Ave, London 











INDUSTRIAL 


CERAMICS 


FROM PACKING RINGS 
TO COMPLETE PLANT 


WIDELY RESISTANT 
Hathernware Chemical Stoneware is 
inert against a wider variety of attack 
than any other material. 


Complete Plant—or a storage jar, 
Hathernware may be considered as a 
complete processing installation, piping, 
towers, filters, pumps, etc.—as storage 
units of different shapes and sizes or as a 
material for the protection of structures 
and plant. 

‘es. 





Low Fracture Risk 

Hathernware specialised design experi- 
ence plus armouring of elements where 
required, eliminates the usual risks of 
fracture. The high compressive strength 
of Hathernware offers the maximum 
resistance to abrasion. EXPERIENCED 
CERAMIC FITTERS undertake initial 
installation. 


LOW PRIME COST AND MAIN- 
TENANCE 

Prime cost is lower than any other 
material. Maintenance is negligible. 
Glazing available for processes requiring 
a high factor of hygiene. 


If it’s corrosive—write and find out 
what Hathernware can provide. Mention 
your process so that we may select the 
most appropriate data. 


Plain or partition 
rings are avail- 
able in a wide 
range of sizes. 
Made of top 
grade Chemical 
Porcelain. 


HATHERNWARE LTD. & 
LOUGHBOROUGH The 
LEICESTERSHIRE 





Industrial Ceramic Engineers 
Specialists in the unusual 


dmHL.44 SM.I 
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1. it’s standard size but 


completely inaccessibie 


Obviously a case for an oil-retaining bearing — that will 
cut out lubrication and maintenance. 

With these oil-impregnated sintered-metal bearings the 
oil is fed to the surface by capillary action so that you 

get controlled, trouble-free lubrication — automatically. 


e2» you should 4 
specify Kesewot 


Sintered-Metal Q/L RETAINING BEARINGS 


There are a variety of shapes and many sizes of 
“RESERVOIL” bearings for every normal medium 
duty, but particular attention is drawn to the large 
range of plain cylindrical bearings to B.S.I. standard 
dimensions. Most sizes are held in stock. 


Please write or ‘phone for Technical Brochure SD.40 or Catalogue of sizes SD.41 


The Morgan Crucible Co. Ltd. Battersea Church Road, London, S.W.II 
Telephone : BAT 8822 





$M.123 
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EVERTAUT 


AU Steel 
OFFICE CHAIR 
















UTILITY 


PLUS 
EXTRA 


COMFORT |< 


ENTIRELY NEW SEAT CONSTRUCTION 





1. Cover with “ Lip- 
Grip”’ bead (Pat. applied 
for). 


2. Thick Latex Foam 
interlay for extra com- 
fort. 


3. Scientifically shaped 
steel pan for greater 
strength,retains its shape 
throughout the life of the 
chair. 


4 Back Rest 
mounted on. steel 
pressing, padded 
with Latex Foam, 
covered with “ Lip- 
Grip ”’ cover. 


% OTHER NEW EXCLUSIVE FEATURES 


Oil immersed centre screw and self-lubricating 
bush gives longer life, finer adjustment to seat 
height, and eliminates squeaking. Adjustments 
provide for height and angle of back rest. 


Write for catalogue No. W.I. i 


EVERTAUT SEATING LTD. 


Proprietors J. B. Brooks & Co. Ltd., 
CROSS STREET, DARWEN, LANCS. 

P, B. COW & COMPANY LIMITED. Phone: 1391-2. Grams: ‘‘ Seating, Darwen’. 

RUBBER MANUFACTURING SPECIALISTS FOR EVERY INDUSTRY. London Office: Kern House, Kingsway W.C.2. 
INDUSTRIAL DIV: 470 STREATHAM HIGH RD., S.W.16. POLLARDS 4481 








Phone: HOL. 0238. 
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75 MILES of prints per year... 








seca | 

















175 miles of prints a year is the output reported by one regular user 
of an Azoflex Model 46/35—and that’s the sort of output that any 
busy drawing office can expect. The AZOFLEX photo-printing 
process combines several unique features. It’s the only daylight 
reflex copying process. It’s the only process to apply a measured 
quantity of developer irrespective of running speed, thus ensuring 
optimum quality. It avoids the use of dangerous chemicals and there 
are no unpleasant fumes. Operation is quiet and free from vibration. 
Exposing, developing and print delivery are all synchronised to 
ensure an even flow of finished work at all speeds. 





5 
iB 
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ILFORD 








...1rom one 






photo-copying 
machine 





AZOFLEX MODEL 46/35 
combined synchronised printer and 
developer. Capacity: cut sheets 
and rolls up to 42 in. wide. Printing 
speed: up to 30 ft. per minute. 
Dimensions: Height 58 in. 

Depth 60 in. Width 72 in. 
Weight 1,100 Ib. Price £1,555 
(including delivery and installation 
in the U.K.). 


Enquiries to: Ilford Limited, Azoflex Dept. AZ11U 
104 High Holborn, London, W.C.1. Telephone: HOLborn 3401 


PHOTO-PRINTING MACHINES AND MATERIALS 
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STAINLESS 


DERIHONS == 


STEELS - AND 
ALLOYS 








SHEFFIELD & DARLEY DALE. 


THE FIRTH-DE™'HON STAMPINGS LIMITED 
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Spiral Bevel and Hypoid Gears offer many advantages for right angle 
drives where high efficiency, smooth and silent running are required. 
E.N.V. specialize in the design and manufacture of straight and curved 
tooth bevel gears. They offer collaboration with engineers from the 
project stage on the design of gears and mountings. They have unique 
facilities for the large-scale manufacture of transmissions including final 
drives, differentials and axles for vehicles and agricultural equipment. 
precision gears for aircraft and gears for industrial applications. 


Dy NT WoW for gears 





HYTHE ROAD, WILLESDEN, LONDON, N.W.\) 


E. N. V. ENGINEERING COMPANY LIMITED 
AP 265-5 FO 
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Ford industrial engines are a practical proposition for 
many industrial equipments ... compressors, cranes, 
pumps, contracting equipment, earth borers, generators, 
railcars, welding plant, works trucks, tractors and 
conversions. Simple design, modern flow-line production 
methods and common interchangeable parts contribute 
to the low cost of these high efficiency engines. And 
remember, every Ford engine is fully backed by a 


industry 


World-wide Spare Parts Service Organisation. Take 
your choice from a wide power range . . . Diesel 30 to 
86 b.h.p. and Petrol 21 to 87 b.h.p. (12-hr. rating). 

DIESEL ECONOMY—have you considered the 
replacement of existing power units in your equipment 
and trucks with the famous Ford 4D Diesel engine ? 

You’ll have the unique advantages of economy, long-life 
andlowrunningcosts...plus the best service inthe World! 


leo Gm mw BE oe 


Wherever you are, whatever your problem, we are at your service. For further details of 


IQS 


INDUSTRIAL 
ENGINES 


ind the equipments they power, contact your nearest Ford Dealer or write to 


FORD (OTOR COMPANY LTD - 


DESEMBER, 1957 Volume 18, No. 12 


D 


PARTS DIVISION - AVELEY DEPOT - SOUTH OCKENDON - ROMFORD - ESSEX - ENGLAND 


A49 













are YOU getting 


results like this 
— 




















This performance, typical of many results from ‘“ Easicut’’ Taps, was kindly 
reported to us by Ritherdon & Co. Ltd., Lorne Street, Darwen. A No. 1 B.A. 
tap was used on Bright Mild Steel Angle in a normal drilling machine fitted with a 
tapping chuck. 


Makers of high quality Engineers’ Cutting Tools for over a Century. 








ENGLISH STEEL TOOL CORPORATION 


North Street Works, Openshaw, Manchester 
A wholly owned subsidiary of English Steel Corporation Ltd., Sheffield. ° SE 
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DIESEL LOCOMOTIVE 
COOLING EQUIPMENT 


* Sectional Radiators 

* Charge Air Coolers 

* Lubricating and Transmission 
Oil Coolers 


SERCK RADIATORS LTD. SERCK TUBES LTD Birmingham I1 
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More accurate 


than human skill 
itself 
SK Hydraulic Control of motion 





Paradoxically, the product of human skill is more accurate than human skill itself. This 
is particularly so in the case of Savery Hydraulic Pumps. Countless thousands of 
Savery Pumps are in use throughout the world working with precision that neither human skill 
nor other means can match. Next time you’re considering control of 
motion remember Savery Hydraulic Pumps first. 


Savery Pumps can be supplied with fixed or variable delivery. 
FOR FURTHER DETAILS OF 


SAVERY HYDRAULIC PUMPS 


WRITE TO 


THOMAS SAVERY PUMPS LIMITED 


BRACEBRIDGE STREET - BIRMINGHAM 6 - TEL: ASTon Cross 1316-7 
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Better amenities—-tewer complaints 


Save water, fuel and equipment and yet give the 
“Well! that job’s done. Leonard thermo- men plenty of warm water for a good wash at the 


tatic val tted th hout. Now the chaps end of the day’s work. How? By fitting Leonard 
panagdiner ips geciunhagpintn.ceampaaionnimennde thermostatic valves which automatically mix hot and 


—- wash oe er ee ree oar instead of cold water to give warm water at the right temper- 
in the little puddles they make in the basins ature. They are easily fitted in the factory washrooms 
with two taps, and the boss will stop grousing on wash troughs, wash fountains and showers, and 


about my overtime”. make an up-to-date installation which saves water 
and cuts your fuel bill down. 
More about this in leaflet No. ZK/24 


WALKER, CROSWELLER & CO. LTD., CHELTENHAM 


Telephone: CHELTENHAM 56317 
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chain drives 


A PRODUCT OF THE MORSE CHAIN DIVISION, BORG-WARNER LIMITED 


BORG-WARNER LIMITED LETCHWORTH HERTS. Telephone: Letchworth 2170 


MANUFACTURERS OF AUTOMOTIVE TRANSMISSIONS AND MORSE CHAINS 
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: | Enjoy the fruits 
of TWwWW experience 


TWW FAMILY TREE—PLANTED 1878 AND STILL GROWING 


D Other Ward activities include :- 
NON-FERROUS METALS 
INDUSTRIAL PLANT 


WIRE & WIRE PRODUCTS THOS. W. WARD LTD 


NUTS, BOLTS & FASTENINGS 
MECHANICAL HANDLING EQUIPMENT Dept: E. ALBION WORKS - SHEFFIELD 
) Albion Machinery Catalogue. Send for a current 


copy of this comprehensive stock list of new 
and second hand plant and machinery. London Office Brettenham House - Lancaster Place + Strand W.C.2 





GPE 74 
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FUEL EFFICIENCY— 
the modern trend 


Whatever the size or type of 
building—whatever the nature 
of the business conducted 

within its walls, big fuel 
economies can be achieved by 
equipping your plant with 



























STEAM FITTINGS 


HOSPITALS 


GUARANTEED FOR 2 YEARS 


' MIL STEAM TRAPS 
ATOMIC ENERGY PLANTS MIL REDUCING VALVES 


SOME OF THE COMPANIES WE MIL WATER HEATER 
ARE PRIVILEGED TO SUPPLY: CONTROLS 
Austin Motor Co. Ltd. 
Bovril Ltd. MIL LOW PRESSURE 
Carborundum Co. Ltd. STEAM TRAPS 
Fairey Aviation Co. Ltd. 
Lever Bros. Port Sunlight Ltd. MIL HIGH PRESSURE HOT 
Rolls-Royce Ltd. WATER VALVES 
Swallow Raincoats Ltd. 
Vauxhall Motors Ltd. MIL AIR ELIMINATORS 


MIDLAND INDUSTRIES LTD - HEATH TOWN WORKS - WOLVERHAMPTON 


Telephone : 23901 
London Office: 28 Victoria Street, S.W.|I. Glasgow Office: 69 St. Vincent Street, C.2. 
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Cerrobend is an ideal loading wuweivels kntls 
@ 


medium for tube and section bending. 
It has a melting point (160°F) less than 
the boiling point of water. It expands on 


sclidification and thus enables the thinnest $ 
tubing to be bent to small radii as lube B 
though it were a solid bar. 


Full technical data will be sent on request. 


‘7ERROBEND is a LOW-TEMPERATURE MELTING NON-SHRINKING ALLOY 
Minin & Chemical Products Ltd - 86 Strand, London, W.C.2 - Telephone: Covent Garden 3393 


70-76 ALCESTER ROAD SOUTH - KINGS HEATH - BIRMINGHAM {4 - Telephone: HIGHBURY 2281 
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Every type, size and voltage 


The illustration shows a I20MVA 275/132kV Hackbridge 
transformer for the Central Electricity Authority alongside the 
Company’s impulse generator in preparation for test. 


HACKBRIDGE and HEWITTIC ELECTRIC CO. LIMITED 
HERSHAM - WALTON-ON-THAMES - SURREY 


OVERSEAS REPRESENTATIVES 


ARGENTINA: H. A. Roberts & Cia., S.R.L., Buenos Aires. AUSTRALIA: Hackbridge and Hewittic Electric Co. Ltd., 171 Fitzroy 
Street, St. Kilda, Victoria; N.S.W.: Queensland: W. Australia: Elder, Smith & Co. Ltd.; South Australia: Parsons & Robertson Ltd.; 
Tasmania: H. M. Bamford & Sons (Pty.) Ltd., Hobart. BELGIUM & LUXEMBOURG: M. Dorfman, 5 Avenue des Phalenes, Brussels. 
BRAZIL: Oscar G. Mors, Sao Paulo. BURMA: Neonlite Manufacturing & Trading Co. Ltd., Rangoon. CANADA: Hackbridge and 
Hewittic Electric Co. of Canada Ltd., Montreal; The Northern Electric Co. Ltd., Montreal, etc. CEYLON: Envee Ess Ltd., Colombo. 
CHILE: Sociedad Importadora del Pacifico Ltda., Santiago. EAST AFRICA: Gerald Hoe (Lighting) Ltd., Nairobi. EGYPT: Giacomo 
Cohenca Fils, $.A.E., Cairo. FINLAND: Sahké-ja Koneliike O.Y. Hermes, Helsinki. GHANA, NIGERIA & SIERRA LEONE: 
Glyndova Ltd. NETHERLANDS: J. Kater E.I., Ouderkerk a.d. Amstel, Amsteldijk Noord 103c. INDIA: Steam & Mining Equipment 
(India) Private Ltd., Calcutta ; Easun Engineering Co. Ltd., Madras, 1. IRAQ: J. P. Bahoshy Bros., Baghdad. MALAYA, SINGA- 
PORE & BORNEO : Harper, Gilfillan & Co. Ltd., Kuala Lumpur. NEW ZEALAND : Richardson, McCabe & Co. Ltd., Wellington, 
etc. SOUTH AFRICA: Arthur Trevor Williams (Pty.) Ltd., Johannesburg, etc. CENTRAL AFRICAN FEDERATION : Arthur 
Trevor Williams (Pty.) Ltd., Salisbury. THAILAND : Vichien Phanich Co. Ltd., Bangkok. TRINIDAD & TOBAGO : Thomas Peake 
& Co., Port of Spain. TURKEY : Dr. H. Salim Oker, Ankara. U.S.A. : Hackbridge and Hewittic Electric Co. Ltd., P.O. Box 234, 


Pittsburgh 30, Pennsylvania. 
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It can’t be done without CON TROL 


Ruling the waves has been something of a habit of 
Britannia’s for longer than we care to remember 
—birthplace of the Plimsoll line, the steam turbine, 
and Lloyd’s standards of construction, it is only fitting 
that our maritime nation should come up with the 
latest and greatest aid to man’s mastery of the ocean, 
the Radar screen. But this wonderful aid to seaman- 
ship is of no valueif the complicated control mechanism 
involved is unreliable or inaccurate. Control of 
anything, for that matter, must be reliable. The kind 
of efficient control that Magnetic Valves exercise, 
automatically or remotely, over air, steam, coal gas, 
oil or most other industrial liquids or gases. No 
glands, no stuffing boxes, no driving shafts either, 
but lots and lots (over 25 years) of experience built 
into them. Details of the standard range are available 
in our illustrated literature. Special valves up to 12 in. 
orifice can be supplied. 





Many valves available ex stock. 
Valves designed for special conditions. 





THE MAGNETIC “R” TYPE SINGLE BEAT STOP VALVE 


The standard valve is provided with } in., 2 in. or } in. B.S.P.T. 
Connections and 3/32 in. orifice (°/32 in. seat diameter) to operate 
on pressures up to 100 Ibs. per square inch. An increased size 
orifice can be arranged dependent upon the pressure to be 
controlled. This valve is suitable for controlling water, air, oil, 
gas, refrigerants, etc., and is adaptable to either straight or angle 
pattern. 














We are coming back for more—our appetite for 
orders is keener than ever and we can now satisfy 
almost every demand. 

Production capacity has been reorganised and 
stepped up with the gratifying result—more 
realistic delivery dates for most types of 

Pressure and Vacuum Gauges. 


May we hear from you again? 


TUDOR WORKS - WINDMILL LANE 
SMETHWICK - BIRMINGHAM 
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IT’S SIMPLE... with Tufnol. This high-grade 
electrical insulator can be punched easily, 
speedily and economically. Tufnol 

allows the minimum of land between 
punchings. This means you have the least 
possible scrap. 

Sturdy Tufnol parts act not only as 
insulators but can give dependable 
mechanical service on all sorts of jobs 
in many pieces of electrical and 
electronic equipment. 

Whatever your requirements—washers, 
spacers or intricate punchings—you’ll 
find Tufnol will do a good, 
economical job. 






Tufnol punchings can be produced to 
your specification in our factory. 

Or Tufnol can be supplied in sheets 
or strips for punching in your own 
workshops. Write for further 
information. 


TUFNOL LTD 
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ARE YOU MAKING THE MOST OF TU r NO L 


PERRY BARR 


crap left over 


REGISTERED TRADE MARK 





BIRMINGHAM 228 
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‘* Newallastic '’ bolts and studs have qualities which are abso- 
lutely unique. They have been tested by every known device, 
and have been proved to be stronger and more resistant 
to fatigue than bolts or studs made by the usual method. 


BG fey 
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Ley's ‘Black Heart’ Malleable Castings 


This front engine mounting bracket for a tractor is a single 
casting replacing an assemblage of numerous parts. 

The castability of this material permits effective distribution 
of the metal and is typical of the many applications where 
economical production results from the use of Ley's ‘Black 
Heart’ Malleabie. 


LEY’S MALLEABLE CASTINGS CO. LTD., DERBY 
Telephone: Derby 45671 


EUROPES LARGEST MALLEABLE PRODUCERS 








Variabie-speed drives by L.S.E. 


L.S.E. can offer in most instances the correct type of electric motor or 
system for variable-speed drives. In addition to the N-S motor (see 
advertisement page A70), the following are available : 


The ‘“‘SPEEDMASTER” and variable-speed squirrel- 
cage motor drives 


The ‘‘ Speedmaster ”’ is a single unit self-driven frequency con- 
vertor which provides a variable-frequency supply for squirrel- 
cage motors used as variable-speed machines where a number 
must be operated in unison. On group drives, N-S motors may 
be employed where individual speed trimming, relative to the 
group speed, is required. 


For fixed low frequency supply (and in some instances for 
variable-frequency) an alternative machine, the N-S Convertor, 
is available. This is used with low-speed gearless drives, for 
example, or high-speed drives which have to be run inter- 
mittently at low speeds. 


The ‘‘ REVCON ” control system 


Mainly applicable to crane hoist motions and similar drives, the 
“Revcon ’’ system gives stable speed control within a wide 
range, hoisting or lowering, to a degree impossible with a 
standard slip-ring motor equipment. 


The motor is a single induction motor, without commutator 
or additional rotating equipment. No friction brake is required 
to control the load. The control system is based on the super- 
imposition of a braking torque on a motoring torque. 


Speed control from a crawl to full speed is obtainable at all 
loads and a light-load high-speed step of twice full-load speed 
is provided. 


D.C. MOTORS 


Where direct current is available the use of d.c. motors for 
variable-speed drives is usually advantageous, and conversion to 
d.c, may sometimes be justified. A d.c. motor can be designed 
to give almost any required speed/torque characteristic by field 
and/or voltage control, speed ranges up to about 100: being 
possible. 


AC SUPPLY (CONSTANT ~) 





SPEEDMASTER 








AC SUPPLY 
INDUCTION (VARIABLE ~) 
REGULATOR 





DRIVEN 
MACHINE 


VARIABLE SPEED 
INDUCTION MOTOR (m) 


Schematic diagram of ‘* Speedmaster ”’ 
frequency convertor. The induction 
regulator may be adjusted by hand, from 
remote push-button, or from an auto- 
matic device actuated by pressure, thick- 
ness, tension, speed of another machine 
or process line, or other measurable 
quantity or condition. 


Fuller details of the above machines will be 
furnished on request to any L.S.E. Branch or 
te Publicity Dept., 376 Strand, London, 
W.C.2. 


Some indication of the type of possible ap- 
plication should be given in any general 
enquiry. 


LAURENCE, SCOTT & ELECTROMOTORS LTD 


Specialist Makers of Electric Motors Since 1883 
NORWICH, MANCHESTER, LONDON & BRANCHES 
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We have a standard range of Automotive and Industrial 
Gear Boxes, or can undertake the supply of loose 
gears and shafts to your own design. 








THE GEAR SPECIALISTS 


Cut, ground or shaved Spur and Helical Gears. Ground 
Worms and Splines — Sprockets — Bevels — Reduction Units 
— Gear Boxes for all Trades. 


A.I.D. Approved 
P. R. MOTORS LTD - ALDBOURNE ROAD :- COVENTRY 





Telephone : 2266 (3 lines) Telegrams : Supagears, Coventry 
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VARIABLE SPEED PACKAGE DRIVES 





The packaged 100 H.P. Ward Leonard set to supply 
the main calender motor. 
Dimensions 118” W. x 86” H. » 51” D. 














SEVEN STAR FEATURES 


% Saves floor space 





% Reduces site wiring to a 
minimum 


% Eliminates special foundations 


% Cubicle pressurised with 
filtered air 


% Easily maintained 


% Electronic Control incorpor- 
ated where required. 







The packaged 10 B.H.P Ward Leonard set and elect- 


Pp - o. 2s..¢ ronic gear for synchronising the 5B.H.P. cooling drums 
% Tailored to suit your individual and 5 B.H.P. wind-up drives with the main calender. 


needs Dimensions 50” W. x 50” H. x 28” D 


Our specialist engineers will be glad to advise on the best method of control for YOUR drives. 


THE ELECTRIC CONSTRUCTION COMPANY LIMITED 
WOLVERHAMPTON 


3203 





























© PowerbRip 


TIMING BELT 


for 
precision echoes 


Positive elimination of slip and creep e 









No initial tension e Compactness in 
width and pulley diameter e No 
belt stretch—needs no take-up— 
will operate on fixed centres e 
High operating speeds e Con- 
stant angular velocity e No lubri- 


Acknowledgment to Marconi cationr equired e High mechanical 


International Marine Company & efficiency—very nearly 100% @ 
for this photograph of the Light or heavy drives—1/100 


POWERGRIP timing belt on scribing stylus drive. —300 HP. 


In order that the depth and density of shoals of fish in the sea be precisely determined, 
it is imperative that the movement of the echometer scribing stylus over the sensitised 
paper be perfectly synchronised with the echo-sounding oscillator. 

The POWERGRIP timing belt fitted to Marconi Recording Echometer fulfils the 
required accuracy of drive, ensuring accurate performance of these precision in- 


iy U. S. Rubber 


Home: The North British Rubber Company Limited. ABBey 7135 
Export: U.S. Rubber International (Great Britain) Ltd. ABBey 2053 


62/64 HORSEFERRY ROAD, LONDON, S.W.! 


struments. 
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The first ever shunt characteristic A.C. Variable Speed Commutator Motor 


was developed and patented by ASEA in 1910, and the commutator motors 


manufactured by us, under licence, to the ASEA modern designs incorporate 


the same basic principles and 
all the experience gained dur- 
ing the years. These motors 
have been tested and proved 
sound by their installation in 
a wide variety of applications 
all over the world. 





A 
[FULLER | 


/ em \ 
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Infinitely Variable Speed—Stepless, smooth and _ infinitely 
variable speed control is obtained throughout the range—the 
EXACT speed to suit every condition of service. 

Speed Adjustment—Speed control is by simple brush displace- 
ment; there are no resistances or external regulators. Adjust- 
ment of the motor speed is obtained by handwheel or alterna- 
tively by remote powered control, to exactly the value required. 
An alternative system of power operation for the brush gear 
permits remote control in many convenient forms. 

Speed Range—There is no technical limit to the range obtain- 
able; for example 0 to 3,300 r.p.m. has been provided for 
certain special drives. The standard range (approximately 4 
to 1) gives the most economical form of motor and is generally 
sufficient for most requirements. 

Shunt Characteristic—Stable speeds practically independent of 
loading are obtained throughout the standard speed range. 
Speed fluctuations under load are no more than experienced 
with D.C. shunt wound motors. 

Torque Characteristics—The motor develops constant torque 
throughout the speed range. Starting torque is over 200 per 
cent for standard motors. 

Electrical Characieristics—Very high power factor at top speed 
(Unity in many cases) assists in keeping factory kVA maximum 
demand at the lowest possible level. 








FULLER ELECTRIC LIMITED 


FULBOURNE ROAD, LONDON, E.I7 
Phone: LARkswood 2350 (10 lines) 
ALSO AT: BIRMINGHAM . GLASGOW . MANCHESTER 
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TYPE RHV 











“ym pet you ” ao 


STANDARD 


RADICON 


THE ORIGINAL FAN-COOLED 
WORM REDUCERS 


Ever since David Brown first conceived the 





worm drive as a self-contained unit, at the 
turn of the century, the scope of application 
has steadily grown. With the impetus of the 
development of the Radicon, the first fan-cooled 
worm gear unit, in 1933, the demand _ for 
variations has grown to such fantastic propor- 
tions that a combination of more than 270 
types and sizes is now available for despatch 

within 24 hours for standard ratios 

selected from this generous range up to 


Size 12 in R.H.U., R.H.O. and R.H.V. 
types. 


Leaflet No. E387.104/f 
See list available on request. 


DAVID BROWN 


CORPORATION (SALES) LIMITED 
RADICON DIVISION 
PARK WORKS -: HUDDERSFIELD 


’s 
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S.C. 
RECTIFIERS 


and 


THYRATRONS 


for speed control 










of D.C. motors 


a product of 


eONE 
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Standard Telephones and Cables Limited 


SPECIAL VALVES SALES DEPARTMENT 
CONNAUGHT HOUSE : 63 ALDWYCH ‘ LONDON W.C.2 
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Ellison 20 amp. Circuit Breaker 


For Group Mounting and Sequence 
Starting of electric motors 


The “Ellison” 20 amp. direct-to-line starter 
can readily be mounted in groups on 
a busbar chamber. Cable entry may be 
direct to the busbars by way of a 
cable fitting or through an isolator or 
automatic circuit breaker. Extensions 
are easily made. 
This A.S.T.A. tested gear has a built-in : 
isolator in which H.R.C. fuses may be Ue ans 4 . oe ee ! 7 It incl 
included. Auxiliary switches may also be = , , | 4 r which 


incorporated for sequence starting. — >. 
‘ a 


Robust contacts ensure long life under Tike 
direct-to-line starting conditions. | ( ie arin 
thems: 


, interfe 
With reliable quick-resetting 9 : the cy 


protective devices = a The i 


and safety interlocks ae : bores 
slight! 





WRITE FOR INFORMATION ON OTHER RANGES OF | 
o R@)x0) Xe) te AB BISO)NE| o 
ELLISON STARTERS FOR MOTORS OF UP TO 1000 B.H.P. ff asserreD 

| BIRMINGHAM ENGLAND 





YOU CAN RELY ON AN ELLISON PRopuct 
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This precision built press is 

designed to give a very high 

standard of printing particularly 

where mixed.colour work is used 

inthe production of newspapers. 

ltincludes a number of features 

which enable the most precise 

adjustments to be made, and to facilitate colour changes without wastage of ink 
and labour. The cylinders as shown in the drawing are mounted upon pre-loaded’ 
Timken double-cup tapered-roller bearings. Both cylinders are end-located by the 
bearings at the right, the bearings at the left (although pre-loaded within 
themselves) are free to float. In this arrangement temperature variation cannot 
interfere with the bearing tightness; errors in printing register due to play between 
the cylinders are thus avoided. 

The inset housings for the upper bearings have their exteriors eccentric to the 
bores; a micrometer adjustment for the printing impression is thus obtainable by 
slightly rotating the housings. 


Regd. 
Trade Mark 
TIMKEN 


tapered-roller bearings 


MATE IN ENGLAND BY BRITISH TIMKEN LTD. 


DUST’ N, NORTHAMPTON (HEAD OFFICE): DAVENTRY AND BIRMINGHAM 
Te ephone: Northampton 4921-8 and 3452-3. Telex No. 31-620. 
Telegrams: Britimken Northampton Telex 


SUBSIDIAF COMPANIES: FISCHER BEARINGS COMPANY LTD., WOLVERHAMPTON, TIMKEN-FISCHER STOCKISTS LTD., BIRMINGHAM 
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We wind wire but in our business too we cannot afford to be anything but 
highly accurate. The fact that over a million coils are produced every year in 


the Westool works is a clear indication that we meet the high standards of 
accuracy and reliability that our customers demand. 


Westool coils are wound on Westool coil winding machines, designed from 
experience gained over many years. We have machines that will wind coils at 
very high speeds yet still maintain extreme accuracy ; machines capable of 
winding wire finer than a human hair; machines that will mass produce coils 
with all the qualities of a ‘‘ one-off” job. 

Westcol coils range from those smaller than a threepenny-bit to others 
containing up to § cwt. of wire. * Send now for booklet illustrating some of this 
large range or we shall be pleased to help you with your design problems. 





DON'T BE PREHISTORIC— 
take advantage of Westool’s 
modern coil winding 
techniques 


WESTOOL ST. HELEN’S AUCKLAND, CO. DURHAM 


LIMITED Phone: West Auckland 317 (6 lines) Grams: Solenoid, West Auckland 
Birmingham Office: 7 NEWHALL STREET, BIRMINGHAM, 3. Telephone: Central 3901 


Westool also make: Transformers and Chokes, Small Motors, A.C. and D.C. Solenoids, Vibrating Tables, Grinding 
Giocknents, Air Conditioners, Warner Electric Brakes and Clutches. 
t 
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TO INDICATE CONTROL OR RECORD 
TEMPERATURE 


TRANSAX PINS CUT CosTSs 
Use Transax Pins for your 
new designs and wherever 
solid taper or parallel pins 
are fitted. . . . Save on 
machining and labour 
costs. No accurate drilling. 
No reamering or special 
- , ‘ . rv a machining. No | skilled 
r accuracy, ease of reading, robustness, economy and long, trouble frec ; 
life install Rotocherm Tharmomeners. Controllers om Rocurders. Specialists i/ | ———, ~~ -_— ven “*TRANSAX”’ 
in bi-metallic applications. Write for details. J fy be quickly nk eee is a regis- 
fitted by unskilled labour. tered trade 
Write for further details. § = mark. 


Rototherm 


BI-METAL MERCURY-IN-STEEL VAPOUR PRESSURE MAXWELL HOUSE, ARUNDEL STREET, LONDON, W.C.2. 
THE BRITISH ROTOTHERM CO. LTD. Telephone: TEMple Bar 3721/3. 


Merton Abbey, London, S.W.19 LiBerty 766! Bey 
Midland Factory: Hollis Street, New Basford Nottingham 77847 ai 











WHERE ALL THE BEST 
HOT BRASS 


PRESSINGS 
COME FROM 


Here is a Works as modern as the minute, with the very 


latest in plant and equipment, planned to offer you the full 
benefits of specialised production—in the form of better 
quality, prompter deliveries, and keener prices. Whatever 
your needs in Hot Brass Pressings, Machined Pressings and 
Assemblies. you will find that H.P.P. can serve you better. 
(olton) Limited 


9 


HOT PRESSED PRODUCTS 


WHITEHALL ROAD, GREAT BRIDGE, 


TIPTON, STAFFS. Tel.: TiPton 2731/2. BULLOCK STREET WORKS, BOLTON 


e 
One of the SANBRA Group of Companies 





Telephone : 1143 Established 1860 
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Tue symbol of the Newage Group is 

the hall-mark of first-class engineering 
Newage-BMC offers a choice of petrol/paraffin (gasoline/ 
kerosene) engines from 950 to 4,000 c.c. and diesels 
of 2.2, 3.4 and (illustrated above) 5.1 litres capacity. 
NEWAGE (MANCHESTER) LTD. 


Home Sc'es and Works : Crossley Street, Gorton, Manchester, I8 
Telephone : East 2071 


Export Scles: 6 Carlos Place, Grosvenor Square, London, W.1 
Telephone: Hyde Park 9141 
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FORMULA FOR EFFICIENCY 


Equipment manufacturers with prime mover problems are 
urged to apply the formula NEWAGE-BMC in the early 
stages of product development. This provides designers 
with the magnificent engines produced by the British Motor 
Corporation for the vehicles of the Nuffield and Austin 
Groups. And it provides engines modified by the specialised 
skill of NEWAGE engineers to conform to specific 
installation requirements either mobile or stationary. An 
additional advantage is the backing of BMC’s world-wide 
spares and service organisation. 




















THE SHERBORNE RUBBER CO. LTD. | 


SHERBORNE STREET, BIRMINGHAM, 16. 


Phone: §DGbaston 3881 -2-3 











PRECISION TOOLS 
& PIPE WRENCHES 
G00 
gaeur 
: BRISTOL 77033. 


Phone 
Grams: “‘OISEAU ” Bristol. 








| RECORD } 


VICES, BOLT CROPPERS 
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AND OTHER 


EXT. 11 & 12 
TYPES OF GEARS 


41-45 MINERVA ROAD, LONDON, N.W.10 
DOUBLE HELICAL 


ELGAR 4000 


GEARS AND GEAR CUTTING 
COMPLETE REDUCTION UNITS 


The Selson Machine Tool Co. Ltd 
PROFILE GROUND GEARS 


SHEFFIELD 
ENGINEERS FILES 


gS SPENCER 











<A 


Selson, 


RDI 


DRILLS, REAMERS, 
& SCREWING TACKLE 


H FOR ALL ENGINEERS TOOLS 


& ENGINEERS TOOLS 


MAGNETIC CHUCKS 


DRILL CHUCKS 
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W. H. BIRD & SONS LTD., 
ST. PH!.IPS, BRISTOL 2. 

















AO0-year reputation 


jor 
REPETITION WORK 








The Nitriding Process 

for Case—hardening 

Special Steels by 
Nitrogen offers 


@ Surface hardness up to 1100 D.P.H. 


@ Retention of full hardness after 
heating to 500° C. 


@ Maximum resistance to frictional 
wear and fatigue. 


@ Improved resistance to corrosion 
by water and steam. 


Particulars from:— 
NITRALLOY LIMITED 


ATLAS WORKS SHEFFIELD 4. 
Telephone: 26646 Sheffield. Telegrams: Nitralloy, Sheffield 
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If it doesn’t bear the name 
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bie CLIP 
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L. ROBINSON & CO. (GILLINGHAM) LTD. 
LONDON CHAMBERS, GILLINGHAM, KENT. PHONE 5262 
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FABBRICA NAZIONALE SEGHETTE DA METALLO S. p. A 
VIALE CALDARA, 31 - MILANO (ITALY) - TEL, 540.279 - 580.487 
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ACRY ELECTRIC 
TOOK MAL CLATE 





aRD SURFACE PLATES 


ARE NOT ONLY ACCURATE 
BUT KEEP THEIR ACCURACY PERMANENTLY 


WHERE THE BEST SURFACE PLATES AND 
TABLES ARE MADE 
















Largest stock in the 
country of cast iron 
and granite-Plates 
from 4in. x 6in. to 
6ft. x 12 ft. 
to B.S.S. limits 











We also make: Straight edges up to I5 ft. 
lengths, Engineers—Parallels, Cylindrical 
Squares, Lapping Plates, Gauges, etc., etc. 


The ACRU Electric Tool Mfg. Co. Ltd. 
(ENGINEERING DIVISION) 


Chapel Street - Levenshulme - Manchester 
Tel : Rushoime 4613. 





Braygshaw 


® NEW 

@SIMPLE DESIGN 
@ EASY TO USE 
@ INEXPENSIVE 


For accurate convex radii on : 
Side and Face Cutters 

Slotting Cutters 

Angle Cutters 





Can be used on standard types of Cutter Grinders, 
Cylindrical Grinders or Lathes fitted with toolpost 
grinding attachments. 


CAPACITY : Cutters 3 in. to 8 in. diameter, I} in. 
wide, Radii up to § in. 


Full particulars on application. 


RADIUS GRINDING ATTACHMENT 
FOR MILLING CUTTERS.  Catent appiied for) 





BRAYSHAW FURNACES & TOOLS LIMITED 
BELLE VUE WORKS, MANCHESTER 12 


Telegrams : ‘‘ HARDENING "’, Manchester. Telephone : EAST 1046. 





= 
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Light Metal Pressings, 
Stampings, Hot Brass 
Pressings, Machined 
Brasswork 
For over 50 years the 
W.B.G. GROUP have been 
solving manufacturer’s 
production problems. 
Why let yours be a 
headache? 

Write or phone us ... we 
may be able to help you. 


WRIGHT, BINDLEY & GELL LTD. 
PERCY ROAD 


GREET - BIRMINGHAM II 
Telephone: SPR 4491 Telegrams: ‘‘Bindley’’ B’ham 











for any load 





The awkward, the 
delicate, the unbal- 
anced or just plain 
heavy -- they all 
come alike to BERL 
You can take most 
kinds of load off 
your mind if you 
have us supply your 
liftung tackle Write 
for copies of our 
leaficts. 


LAA) 


British Electrical 
Repairs Limited 


Empire House, Charlotte 
Street, Manchester 1 





WORKS AT 
BATH, BIRMINGHAM, CARDIFF 


BETTER EQUIPMENT 
FOR RAISING LOADS 


CHESTERFIELD, EDINBURGH, GLAS 
GOW. HAWICK, LONDON, MAN- 
CHESTER. NEWCASTLE, SWANSEA 


dmBER.69 





THE SUPER BELT 


RIVLINK “= 


VEE DRIVES 


MADE IN RUBBER FABRIC 


*& LEAST STRETCH— * EACH LINK A 
LONGEST LIFE COMPLETE UNI 


* DETACHABLE AND ADJUSTABLE 


RIVLINK BELTS LTD. 
NORTH STREET, OPENSHAW 
MANCHESTER 11 be reery 


EASt 2302 
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here today 
gone tomorrow 


SPENCER 


Spencer Pneumatic Elevators are playing a 
vital part in the speedy turn round of ships in 
ports, unloading grain cargoes at rates up to 
600 tons per hour. 
























SPENCER 


PNEUMATIC ELEVATORS 
SPENCER (MELKSHAM) LIMITED 


WILTSHIRE 
BRANCH OFFICES : 


Ingersoll House - 9 Kingsway - 
Tel: COV. GAR. 1800. 


344 Castle Street - Liverpool 2 














MELKSHAM 
London, W.C.2. 





Tel: CENTRAL 3738 
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Send for this free booklet to The Walpamur 


Co. Ltd., Darwen, Lancs. It tells you much 
about the uses of Epoxy Resin Paints in 
engineering and industry and can help you to 


solve your protective and finishing problems. 





BY APPOINTMENT 
TO HER MAJESTY THE QUEEN MANUFACTURERS OF PAINT 


THE WALPAMUR CO LTD 
DARWEN & LONDON 


Paints, Enamels, Varnishes and Industrial Finishes 
for every conceivable need 


————— 


ws586 
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RiV—the ‘hall-mark’ known 
throughout the world, identifying 
the products of RIV, Officine di 
Villar Perosa, S.P.A., Turin, Italy. 
RIV Bearings, for all applications, 
have been perfected by long 
experience. 

Continuous development assures to 
the user a product capable of meeting 
the exacting requirements of modern 
industrialand manuiacturing 
techniques. 
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BALL BEARINGS 

CYLINDRICAL ROLLER BEARINGS 

SPHERICAL ROLLER BEARINGS 
TAPER ROLLER BEARINGS 








Sole Concessionaires in 
the United Kingdom and Eire 


Rewolwo Ltd. 


399-405 Edgware Road, London, W.2 
Tel: PADdington 4087-8-9 








GWE 


Stator-Rotor 
Starters 


In addition to special purpose single and multi-compartment 
centralized control panels, G.W.B. design and supply Stator- 
Rotor Starter panels to any required specification. All contactors 
and ancillaries can be maintained or replaced from the front; 
starters enclosed in dust and damp-proof cubicles; unbreakable, 
rustless 3-phase Star-connected sta~ting resistance either enclosed 
or in ventilated compartment; acjustable timing control relay, 
overloads, etc., in accordance with BSS 587 and 775. G.W.B. 
engineers are available for the solution of all circuit problems 
and special operation requirements. Sales and service staff are 
situated at convenient points throughout the country. 



















Panel supplied to a large 
rubber manufacturing 
firm, to control a 45 H.P. 
motor for Side-wall Buff- 
ing Extraction Process. 





Panel supplied to another 
rubber manufacturer for 
controlling a 30 H.P. 
Slip-ring Induction Motor 








in a laboratory mill. 





Panels supplied 
to Lancashire 
Dynamo & 
Crypto Ltd. The 
four large panels 
each govern a 67 
H.P. motor, the 
smaller panel a 
20 H.P. motor. 


All contactors are made % Sintered Tungsten-Silver con- 
to the famous G.W.B. tacts for LONG LIFE. 

standards. Among the Open type construction for 
many refinements making EASY MAINTENANCE. 

them pre-eminent in their y Special coil design giving LOW 
field are: CURRENT ABSORPTION. 
G.W.B. Low Tension A.C. 


G.W.B. FURNACES LTD 


Control Gear Division 


P.O. BOX 4, DIBDALE WORKS, DUDLEY, WORCS 


Telephone No.: DUDLEY 4284/5/6/7 Telegrams: GIBWILDBAR, DUDLEY 
Proprietors: Gibbons Bros. Ltd. & Wild-Barfield Electric Furnaces Ltd. 
G.W.B. 408 


control gear 10-1400 amps and D.C 
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Ransomes 


WORKING WONDERS FOR 
INDUSTRY, EVERYWHERE 


Throughout the world, in factories and warehouses, 
in goods depots and in ports, Ransomes Industrial 
Trucks are doing a wonderful job. There are fork- 
lifts for loads up to 5,000 Ibs., platform trucks both 
fixed and elevating from 2,000 to 9,000 Ib. capacity, 
crane trucks, hopper trucks and industrial tractors. 


Write for illustrated literature 











RANSOMES SIMS & JEFFERIES, LTD. 
ORWELL WORKS, IPSWICH. 
Telephone: IPSWICH 54711 
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offer a complete range of 
pneumatic gauging equipment 





The importance of the announcement that Teddington 
are manufacturing, in technical collaboration with 
Moore Products of Philadelphia, a range of pneumatic 
gauging equipment lies in the fact that for the first time 
British industry is offered a complete range covering 
manual and automatic gauging and complete automatic 
machine control. The major advantages of speed, accu- 
racy and robustness are common to each application. 


In brief... 
* magnifications up to 12,500 
%* great accuracy — repeatability within 1% of scale range 


* positive operation— high pressure system unaffected by 
dirt or coolant on the work 


* high wear tolerance — up to 0.003” without affecting 
accuracy. 


<q MANUAL 


Single and multiple gauging of dia- 
meters, taper, thickness, straightness 
and other dimensions. 





AUTOMATIC High speed multi-dimensional gauging 


machines with automatic segregation of work and feed-back 
signals for machine control. 


MACHINE CONTROL “In process” or “post process” 
gauging with 5 stage feed-back signalling. 

Write for further details available in leaflet A & I/ED/101. 
TEDDINGTON INDUSTRIAL EQUIPMENT LTD 
SUNBURY-ON-THAMES, MIDDLESEX 

Telephone: Sunbury-on-Thames 600 (9 lines) 4 


Grams & Cables: Teddequip, Sunbury-on- 
Thames, Telex. Telex: 22742. Teddcontsnbry. aces 
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TRY: THIS d Victor air hose coupler 


—at OUR EXPENSE 














Safe, leakproof, quick-fitting VICTOR air hose couplers are now 
available FROM STOCK. Increased output now permits 

us to offer these ultra-efficient couplers on immediate delivery, 
To introduce you to the economies of the Victor air hose 
coupler, we offer one on 30 days FREE trial, 


Please write for leaflet X100 and select whatever size you require. 


AIR HOSE COUPLERS 
4", 2" & 1" SIZES 


VICTOR PRODUCTS (WALLSEND),LTD. WALLSEND-ON-TYNE, ENGLAND. 


Telephone : 68311 (6 lines) Grams : ‘Victor’ Wallsend 
London Office:- 26 Millbank S W.I. Tel : TATE Gallery 0033 














TRANSMISSION PROBLEMS 


The patentees and makers of the Wilson 
gearbox, famous for nearly half a century, 
are today still leading in the field of trans- 
mission development. 





























Our development work and manufacturing 
experience is of course available to cus- 

‘ tomers in all parts of the world ; we have 
the knowledge, plant and skill to help in 
your transmission problems whether indus- 
trial or otherwise. If you have a problem, 
why not consult us? 


PATENTEES & MAKERS OF WILSON GEARBOXES 


SELF-CHANGING GEARS LTD. 
LYTHALLS LANE - COVENTRY - ENGLAND 
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INTRODUCING 


The self-cleaning 


ZWIKLEEN 

















re now 
: FILTER 
livery, 
r hose 
_ trial, 
; Incorporating the latest develop- 
_ ments in edge filtration. Suitable 
for all liquids, giving continuous 
efficiency to .003in. In a range of 
sizes. 
WRITE FOR DESCRIPTIVE LITERATURE 
AND ZWICKY LTD.SLOUGH. BUCKS. 
TELEPHONE: SLOUGH 21201-5 
y 0033 











for the Engineering and Motor Trades 
suitable for heating and lubricating 
systems. 
Our designers and technicians are at 
your service in the development of 
new ideas. Why not call in our special 
representative. 

We are noted for the quality and 
range of standard brass work—a 
catalogue will be sent on request. 





Wm. Whitehouse 


& CO. LTD. 
EMF'RE WORKS, 
a TON STREET, BIRMINGHAM 4. 
Tele= tone: ASTon CROSS 2451. 
Tele-rams: “EMPIRE PHONE” BIRMINGHAM. 
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SPECIFY, 
TEST, 
USE, 


SHERARDIZING 





ZINC ALLOY 


RUST-PROOFING CO. LTD. 


YOURS for the Asking 


LEARN HOW TO:— 


SHAKESPEARE STREET, WOLVERHAMPTON 
TELEPHONE: WOLVERHAMPTON 20647/8/9 


ALSO AT LONDON & ROCHDALE 








PRESSINGS 


If you require pressings consult Ward 
(Metal Details) Ltd. We are specialists 
in the manufacture of all types of small 
and medium pressings of any shape, size 
and thickness, in steel, tinplate, copper 
etc. from which complete assemblies can 
be fabricated by welding, soldering or 
brazing. 

Illustrated here are some examples of 
our products, and similar components 
can be produced to your own specifica- 
tion and design, and supplied in painted, 
plated or enamelled finishes. 
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(METAL atv) LTD. 


DARLASTON - STAFFS 
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The 
REPETITION 
Specialists 























ie engineers always think of 
FORDSMITH whenever repetition work 





is involved. They know that we can always be 





relied on for top quality in Automatic and 
Capstan Bar Work. Write now for our leaflets 
you will be amazed by the range of our 


activities in the repetition field. 


- H. FORDSMITH LIMITED 
HADFIELD ST. WORKS, CORNBROOK, MANCHESTER 16. _ Trafford Park 1615-6. 








zy) , THE FINEST 
PRECISION GAUGES 
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Horstmann Precision Gauges are guaranteed 
for accuracy, hardness and finish to the re- 
quirements laid down by the National Physical 
Laboratory. A full range of screw or plain 
Plug and Ring types is available as well as the 
Patent CALIPER GAUGE, Model 52. This 
gauge embodies features which ensure 
easy handling and speedy accurate measuring. 
It is particularly suitable for shouldered 
work. 






vip 













Send to-day for descriptive leaflets. 


THE HORSTMANN GEAR CO. LTD. 
Newbridge Works, Bath. _—‘ Tel: 7241 
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SESS Se 


SHEETS AND BAF 





Why burden, yoursel} 
with large stocks 





jor’ of -the - shelt ‘delivery 


BRITISH MATERIAL ONLY 
One ef the targest STAINLESS STEEL STOCKHOLDERS in the country, 
COMPETETIVE PRICES . SEND FOR sTtrocK List 


JOHN CASHMORE LTD 


GT. BRIDGE - TIPTON - STAFFS. Tel. Tipton 2181/7 





















This photograph shows a few examples of high-quality precision springs, z : = 
made by Riley. Some were produced to customers own specifications, others pod = 
were the result of recommendations by the Riley design and research department. S ig 
: : ; ae fs ? e 
ii you have any kind of spring problem, Riley will find the answer to it. SPA 






(The diagram shows information required when ordering this type of spring.) 


& 
There are no finer springs than Springs by 


ROBERT RILEY LTD., MILKSTONE SPRING WORKS, ROCHDALE, Tel: ROCHDALE 2237 (6 lines) Grams: ‘RILOSPRING’ ROCHDALE TELEX 63-362 
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63-362 








We are equipped for machining on Single and 
Multi Spindle Autos from }” to 3” diameters in 
Free Cutting Mild Steel, Brass, Alloy Steels, etc. 
Turning, Milling and Grinding capacity available. 


CHARLES RICHARDS & SONS LIMITED 


IMPERIAL BOLT AND NUT WORKS, DARLASTON, NR. WEDNESBURY 
Phone: James Bridge 3188 (8 lines) P.B.X. Wires ‘‘Richards’’ Darlaston. 














“Gee aseemppeeparamersamsaainae 
GU°ST KEEN & NETTLEFOLDS (MIDLANDS) LIMITED, SCREW DiVISION: Box 24, Heath Street, Birmingham 18 









We know of a better hole 
—this 


The G.K.N. Hank Rivet Bush is a means 
of providing deep tapped holes in thin sheet, 
plastic sheet, asbestos, plywood or metal. 

It can also be supplied for thicker sheet 
metal, tanks and sheet casing. 


if it’s a matter of 


‘HANK’ RIVET BUSHES 


get in touch with (6 KK N 





s/un/2408 
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Agency—S. D. Toon & heath Ltd. 

Holroyd, John, & Co. Ltd. ............ — 
Agency—C. R. Casson ‘Ltd. 

Horstmann Gear Co. Ltd., The A109 


Agency—Trowbridge Pritchard & Co. L td. P 


Technical :. a Adv. Agency Ltd. 
ENV Engineering Co. A48 Hot Pressed Products AN 
Agency—Allardyce oe Ltd. Agency—Edward Hilton Ady. Ltd. 
Evertaut Ltd. A44 —__ Howard, Stanley, Ltd. ...... — 
Agency—Elliott Adv ertising Ltd. Agency—Sterling Advertising Ltd. 
Exactor Ltd. —  Hygate, John, (Bath) Ltd = 
Agency—Jack White & Associates Agency—Trowbridge Pritchard & Co. Ltd. 
Hymatic Engineering Co. Ltd., The 2 a 
ers Nazionale Raphows da Metallo - Agency—London Press Exchange Ltd. 
‘ ‘ Al 
rusian Ltd. A65 
Agency—Cecil D. Notley Adv. Ltd. Ideal-Fabbrica Italiani Trapani .. .. . . 
Firth Brown Tools Ltd. AS2: Alferdilede eet Ad 
Agency—Stanley D. Dickson Agency—Samson Clark & Co. Ltd. 
Firth-Derihon Stampings Ltd., The A46_—s Imperial Chemical Industries Ltd. An 
Agency—Stanley D. Dickson Agency—Clifford Martin Ltd. 
Firth, Thos., & John Brown Ltd. ..A33—s Impregnated Diamond Products Ltd. Ald 
Agency—Stanley D. Dickson Agency—E. Allan Cooper & Co. Ltd. 
THE ENGINEERS’ DIGEST 








jndustrial 
Agency 
Innocenti 
insuloid I 
Agency 
intermit | 
Agency 
Internatic 
Agency 
lsopad Le 
Agency 





Johnson | 
Agenc) 


Keelavite 
Agenc} 
Keeton, ‘ 
Agenc) 
Kendall é 
Agenc) 
Mal 
Kenilwor 
Agenc: 
Kirkham, 
Kirkstall 
Agenc: 


Lang Pne 

Agenc. 
Laurence 
Lawson | 





Mavitta 
Agen 
Measure 
Agen 
Metalas: 
Agen 
Metallis 
Agen 
Metrop 
Agen 


Ag 
Midland 
Agen 
Mingan' 
Mining 
Agen 
Mirrlee 
Agen 
Monks 
Agen 
Moon E 
Agen 
Morgan 
Morris, 
Morris, 
Agen 
Mountf 
Agen 
Mullarc 
Ager 
Myford 





Neill, J 
Ager 
Newag 
Ager 
Newall 
Ager 
Newall 
Newall 
Agel 
Newto 
Age! 









Ag 
s Ltd, 
Als 


Cove r2 
ATs 


4 & Ads 


594 


Ads 


AM? 


Agi 
A34 


A109 
A% 





industrial Fan & Heater Co. Ltd. . a 

Agency—Sinclair Advertising Agency 

Innocenti 

insuloid Manufacturing Co. Ltd. 
Agency—W. Hopwood & Co. 

intermit Ltd. 
Ag ency—Central News Ltd. 

ternational Combustion Products Ltd. ..... 
mammal & General Adv. y. Agen; y Lid. 

lsopad Ltd. 

Agency—E. W. Barney Ltd. 


AIA 


johnson Foster, H.. Ltd. Cover 3 
Agency—Applied Designs ( Advertising) Ltd. 


Keelavite Rotary Pumps and Motors Ltd. — 
Agency—Cogent Advertising Service Ltd. 

Keeton, Sons & Co. Ltd. A40 
Agency—C. R. Casson Ltd. 

Kendall & Gent Ltd. A22 
PG iated British Machine Tool 

Makers Ltd. 

Kenilworth Manufacturing Co. Ltd., The — 
ee Sneere Advertising Ltd. 

Kirkham, J. & W., Led. —_ 

Kirkstall Forge Engineering Led. — 
Agency—Ripley Preston & Co. Ltd. 


Lang Pneumatic Ltd. ame 
Agency—J. Peers and Associates Ltd. 


Laurence, Scott & Electromotors Ltd.....A7G & A7I 

lawson Bros. _ 

Lee, Arthur, and Sons Ltd. : — 
Agency—Cross-Courtenay Ltd. 

Lewis Spring Co. Ltd., The 593 
Agency—Nicholls Dorrity - “Ltd. 

Ley’s Malleable Castings Co. L d A62 
Agency—H. Raymond tage 

Lincoln Electric Co. Ltd. A35 


Agency—London Press Exchange Ltd. 
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Linread Ltd...... A84 
Agency—Beardmore Advertising Ltd. 

Lloyd, F. H., & Co. Ltd. Al7 
Agenc -y—Print for Industry Lid. 

Lodge Plugs Led........ A93 
Agency—Elliott Advertising Ltd. 

Madan, Chas. S., & Co. Ltd. _ 
Agency—Portland ‘ihe Ltd. 

Magnetic Devices Ltd. ..... — 
Agency—Arks Publicity Lid. 

Magnetic Valve Co. Ltd., The AS9 
Agency—Crane Publicit ty Ltd. 

Mariani, Romildo — 

Mavitta Drafting Machines Ltd., The — 
Agency—John Haddon & Co. Ltd. 

Measurement Ltd. ........ _ 


Agency—Robert Brandon & Partners Ltd. 
Metalastik Ltd. 

Agency—Frank Gayton ‘Ady ites Ltd. 
MUI EEE oo 22. fos scciuctscccvssscctsencasantancestsn _ 

Agency— Murray Watson Ltd. 
tiatepetican-Vichors Electrical Co. Ltd. ..Cover ! 


Agency—Technical & General Advertising 
Agency Ltd. 
Midland Industries Ltd. AS6 
Agency—A. A. Black Ltd. 
Minganti, Giuseppe, & Co. A94 
Mining & Chemical Products Ltd. AS7 


Agency—John Mitchell & renee Ltd. 


Mirrlees, Bickerton & Day L Alé6é 
Agency evo thy ae 

Monks & Crane Ltd. _— 
Agency—Sandbrook, Metc vel & Co. Ltd. 

Moon Bros. Ltd. ; —_ 
Agency— Douglass & Co. Ltd. 

Morgan Crucible Co. Ltd., The A443 

Morris, Herbert, Ltd. A20 

Morris, B. O., Ltd. A27 
Agency—Cogent Advertising Service Ltd. 

Mountford, Frederick, (B’ham) Ltd. ....... _ 
Agenc} y—S. D. Toon & Heath Ltd. 

Mullard Ltd., : A69 
Agency—Roles & Parker Ltd. 

Myford Engineering Co. Ltd. i — 

Neill, James, & Co. (Sheffield) Ltd....... . A 
Agency—J. K. Clayton Adv. Agency Ltd. 

Newage (Manchester) Ltd. 2 A97 
Agency—Howard Panton Ltd. 

Newall, A. P., & Co. Ltd. . AGI 


Agenc: y—Osborne-Peacock Co. Ltd. 
Newall, Alexander S., Machine fool Co. Ltd....— 
Newall Group Sales Ltd. cle 
Agency—J. Peers and issociates ‘Lid. 
Newton, Chambers & Co. L' 
Agency—Stanley D. too 
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Nitralloy Led. ... 
Le, D. Dickson 

Norgren, C. A., eer . — 
prose ng “Watson Ltd. 

North British Rubber Co. Ltd., The .... A74 
Agency—The Robert Freeman Co. Ltd. 


Osborn, Samuel, & Co. Ltd. ... ae = 
Oscard, James, & Co. a 
Agenc. ‘y—George Murray (Advertising) Ltd. 


Palmer, Stanley G. A., Ltd. 
Agency— Divers Advertising 
Paradisi, Costante _ 
Parker Foundry (1929) Led. — 
Agency—Print for Industry Ltd. 
Parmiter, Hope & Sugden Ltd. _ 
Agency—Donald Macdonald ‘ Advertising) Lid. 
Partridge, Wilson & Co. Ltd. 
Agency—G. Street & Co. Ltd. 
Payne & Griffiths Ltd. 
ee hae el & Co. Ltd. 
Pell, Oliver, Control L A3l 
Agency—S. C. patho Ltd. 
Perry Barr Metal Co. Ltd. — 
Agency—Tom C. Gough 
Pilkington Bros. Ltd. A2 
Agency—F. C. Pritchard Wood & Ptnrs. Ltd. 
Pilot Works Ltd. — 
Agency—J. Peers and Associates Ltd. 


AS9 


Pioneer Oilsealing & Moulding Co. Ltd. A36 
Agency—Hyde & Partners Ltd. 

Pitman, Sir Isaac, & Sons Ltd. A63 

Plexeal Ltd. — 
Agency—H. Raymond Morgan 

Precision Screw & Mfg. Co. Ltd., The 592 
Agency—Seal Advertising Service 

P.R. Motors Ltd. A72 


Agency—A. A. Black Ltd. 


Rainville Engineering Co. Ltd. _ 
Agency—Crossley & Co. Ltd. 

Ransome & Marles Bearing Co. Ltd. —_ 
Agency—Ruddocks Advertising Agency 

Ransomes Sims & Jefferies Ltd. A105 
Agency—A.T.A. Advertising Ltd. 

Rapid Magnetic Machines Ltd. A4l 
Agency—Edward Hilton Advertising Ltd. 

Ratcliffe, F. S. (Rochdale) Ltd. —_ 
A gency—Osborne-Peacock Co. Ltd. 

Rawsthorne’s (Bolton) Ltd. A% 

Resinoid & Mica Products Led. _ 
Agency—Glovers Advertising Ltd. 

Revoivo Ltd. A104 
Agency—Ripley Preston & Co. Ltd. 

Richards, Charles, & Sons L AIT 
Agency—Longleys & Hoffmann Ltd. 

Riley, Robert, Ltd. A110 
Agency—Commerc ial Advertising Service Ltd. 
Rivlink Belts Ltd. A102 
Roberts, J. W., Ltd. _— 

Agency—A rmstrong- Warden Ltd. 
Robinson, L., & Co. (Gillingham) Ltd. A100 
Agency—Ripley Preston & Co. Ltd. 
Rochdale Aluminium & Bronze Foundry Co. Ltd.— 
Rocol Ltd. —_ 
Agency—Nevin D. Hirst (Advertising) Ltd. 
Rocco, S. — 
Rubber Bonders Ltd. — 
Agency—Robert Sharp & Partners Ltd 
Rubber Improvement Ltd. _ 
Agency—Stowe & Bowden Ltd. 
Rubert & Co. Ltd. —_ 


Salter, Geo., & Co. Ltd. ae 
Agency—Severn Publicity Ltd. 


Sanderson Bros. & Newbould Ltd. Al2 

Sandiacre Screw Co. Ltd., The — 
Agency—Bemrose Advertising Ltd. 

Sanaa Casting Co., The _ 
Agency—Edward itilton Advertising Ltd. 

Saturn Industrial Gases Ltd. Al3 
Agency—Crossley & Co, Ltd. 

Savery, Thomas, Pumps Ltd. A52 
Agency—Nicholls Dorrity Ady. Ltd. 

Self-changing Gears Ltd. : cee A106 

Selson Machine Tool Co. Ltd., The | a A99 


Agency—S. C. Peacock Lid. 
Sentinel (Shrewsbury) Ltd. “ _ 
Agency—J. Peers & Associates Ltd. 


Serck Radiators Ltd. ASI 
Agency—Longleys & Hoffmann Ltd. 
Sheffield Twist Drill & Steel Co. Ltd., The ....A95 


Sherborne Rubber Co. Ltd., The ........... AM’ 
Agency—Sinclair Advertising onttiand 

Sintered Metal Components Ltd...... 
Agency—Jack White and Associates 
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Smith, W. H., & Son itd. 

Sorbo Ltd. — 
Agency—K. S. Advertising Ltd. 

Spear & Jackson Ltd. 
Agency—Oelrichs Advertising Ltd. 

Spencer (Melksham) Ltd. A103 
Agency—Trowbridge Pritchard & Co. Ltd. 

Standard Telephones & Cables Ltd. A77 
ay le ye Haslam & Co. 

Steel, J. M., & Co. Led. _ 
Agency—- ” Reynell & Son Ltd. 

Stone-Chance Ltd. _ 
Agency—Notley Advertising Ltd. 

Strebor Die-Casting Co. Ltd. _ 
Agency—Rowlinson- Broughton 


Tzngye Led. 
Taylor, Taylor & Hobson Ltd. 
Agency—Pitchfords Advertising Ltd. 
Teddington Industrial Equipment Ltd. 
Agency—Crane’s Publicity Ltd. 
Terry, Herbert, & Sons Ltd. 
Agency—John Haddon & Co. Ltd. 
Thames Plywood Manufacturers Ltd. — 
Agency—Taylor Advertising Ltd. 
Thompson, John, Water Tube Boilers Ltd. 
Agenc. -y—Rowlinson-Broughton 
Thynne Engineers Ltd. — 
Tool Treatments (Chemicals) Ltd. _ 
Agency—Sinclair . "ee Agency 
Torrington Co. Ltd., 
Agency— pant ed ock Co. Ltd. 
Tufnol Led. 
Agency—Crossley & Co. Ltd. 
Turner Brothers Asbestos Co. Ltd. A2l 
Agency—Donald Macdonald (Advertising) Led. 
Turner, Ernest, & Co. (Salford) Ltd. 
Tyre Products Ltd. — 
Agency—Rylee (Advertising) Ltd. 


Ald 
A105 
AT 


A64 


A88 
A6é0 


Uni-Tubes Ltd. 
Agency—Frederick Aldridge Ltd. 


A38 


Vaughan Crane Co. Ltd., The _ 

Vaughan, Edgar, & Co. Ltd. = 
Agency—Oldfield & Sharp 

Venesta Ltd. ain 
Agency—-Taylor Advertising Ltd. 


Vickers-Armstrongs (Engineers) Ltd. ... A42 
Agency—Technical & General Adv. Agency Ltd. 
Victor Products (Wallsend) Ltd. Al06 


Agency— Doig Advertising Ltd. 
Victrolec Ltd. _ 
Agency—Sandbrook, Metcalf & Co. Ltd. 
Vokes Ltd. 
Agency—Crane Publicity Ltd. 


A37 


Wakefield-Dick Industrial Oils Led. A82 
Agency—Dorland Advertising Ltd. 

Walker, Crosweller & Co. Ltd. A53 
Agency—Beardmore Advertising Ltd. 

Walker, M. W., & Staff Led. — 
Agency—Alfred Bates & Son Ltd. 

Walpamur Co. Ltd., The 
Agency—Osborne-Peacock Co. Ltd. 

Ward (Metal Details) Led. A108 
Agency—Beardmore Advertising Ltd. 

Ward, Thos. W., Ltd. ASS 
Agenc} y—Oelrichs Advertising Ltd. 

Weston, Chas., & Co. Ltd. - 
Agency—Cross-Courtenay Ltd. 

Westool Ltd. A80 
Agency—Tibbenham Publicity Ltd. 

Weyco (Sales) Ltd. sia 
Agency—Samson Clark & Co. Ltd. 

Whitehouse, Wm., & Co. Ltd. A107 
Agency—Severn Publicity Ltd. 

Whittaker, Hall & Co. (1929) Ltd. —_— 
Agency—Ingham Butterworth Ltd. 

Whittle, T., & Sons Ltd. —_ 
Agency—Baird & Dawson Ltd. 

Whyte & Collins Ltd. A23 
Agency—Sandbrook, Metcalf & Co. Ltd. 

Wilcox, Edward, & Co. Ltd. 
Agency—Donald Macdonald (Advertising) Ltd. 

Wolverhampton Die Casting Co. Ltd., The .....— 
Agency—Sterling Advertising Ltd. 


A103 


Wright, Bindley & Gell Ltd. A102 
Agency—L. J. Fowler & Co. Ltd. 
Zinc Alloy Rust-Proofing Co. Ltd. A108 
Zwicky Ltd. SURAT: A107 
Agency—Richards & Thompson 
Al!3 


** The trouble is, he’s a new G.G.L. fan, and they 
always go on and on about G.G.L. service and 
quality when they first discover it. Mind you, 


it is wonderful the way you get accurate, top 

















quality work at the right price and the right 





time.’’-—‘*‘ Don’t talk to me about time,’’ 


mutters the waiter. 


CAPSTAN AND AUTOMATIC WORK 
AND SHEET METAL PRESSINGS IN 
ANY METAL, ANY FINISH, 

ANY QUANTITY 


FOR QUICK SERVICE AT THE RIGHT PRICE GET IN TOUCH WITH 


GRIFFITHS, GILBART, LLOYD & CO. LTD. 


Empire Works, Park Road, Birmingham 18. Tel: NORthern 6221. 


a ae 
Insuloid RANI ih: Z 


are 
QUICKER, SIMPLER, SAFER me Y Precision | 


These non-metallic, high-dielectric cable clips provide the Springs for wer 
safest means of securing cable looms and components in 
all radio and electrical equipment. They are manufactured a Fontuvl, —_ 
in both nylon and P.V.C. in an extensive range covering z Y 
all wiring requirements. Specially designed radiused 
edges, non-chafing, anti-corrosive. Fully tropical. 
Approved all services. 





id al: Meleilrel a ape 


_ BUSH ... 
La C 


iF; 


Saves time and money 6 Que Ja 
Non-metallic. Fully Tropical. % wwysnce 
Here is a Bush designed for instant ¢; Ay 


assembly by a simple snap on finger "y se 


action. Completely secure under all J 
working conditions 3 BROADBENT& CO. (rocunate)LTD 


High Dielectric. Approved all Services. 


Samples and literature available on Ghove Snting Mis y) Ls if INCOLN STREET 


request. 


INSULOID MANUFACTURING CO. LTD. | BaiTWiiy\ ham Rl eM Eee Cee ae ren 


Sharston Works, Leestone Ave., Wythenshawe, Manchester. 
Tel: Wythenshawe 2842 and 3163 
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Anew design in safety goggles which ensures 


COMPLETE EYE PROTECTION FOR ALL WORKERS 
WHO NEED TO WEAR SPECTACLES. 


This new goggle takes care of the workers who need 
to wear spectacles and protective goggles. They have 
been designed to give maximum protection, clarity and 
comfort, and accommodate all types of spectacles. 


PROTECTION PLUS COMFORT. Maulded in lightweight, 
pliable, durable, polythene, give all-round eye protection and un- 
impaired vision. Ample ventilation and the elimination of draughts 
and condensation are assured by ventilation grids. 


\eeneerevonst 
LONG LIFE AT LOW COST. The clear, cellulose acetate win- 

dows, of high impact strength, may be replaced in one minute, giving acai 
the goggles an almost unlimited life. \ : — 


ca 
” 


Jey , — as BAER, PRICE EXTRA WINDOWS 
% Weare also makers of Birmite and Birflex goggles for - é = PER DOZEN 7 I PER ’ 
the non-spectacle wearer. Price per dozen pairs 60/-, and ; 3 = 2 | - 
c = PAIRS DOZEN 
replacement windows 1/6 each. 


SPECIAL TRIAL OFFER. Samples will be sent on 5 
request (returnable within seven days if not required). - 
Please address your request to Dept. A. sais wanes % 


f&, ELLIOTT LTD. Head Office & Works: 315 Summer Lane, Birmingh 19 
lll Pn ll 1156-7-8-9 iii INDUSTRIAL GOGGLES 








PHOSPHOR BRONZE, ALUMINIUM etc. 


STAINLESS STEEL ABRASIVE RESISTING 
HEAT RESISTING HEAT & ABRASIVE RESISTING 
CASE HARDENING BOXES a 
CAST IRON, BRASS, GUN METAL eee eee 
, , also STAINLESS STEEL ROAD 


LINES, STUDS & SIGNS 


WA WGHLY ALLOYED STEEL 
CASTINGS 


‘JOFO’ castings are available in 
a wide range of qualities 
From a few ozs up to I0 cwts each 


M.O.S. approved inspection facilities installed 
Routine X-ray control 


HA fehnson Hest Li 


Head Office: BROADFIELD ROAD 
SHEFFIELD 8 (Sheffield 52431) 
Foundry : Aizlewood Road, Sheffield 
Machine Shops : Broadfield Road, Sheffield 

London Office : Central House, 
Upper Woburn Place, W.C.1. 
(EUSton 4086) 

Glasgow Office : 93 Hope Street, C.2. 
(Central 8342/5) 











For all heavy duty limit switch applications, particularly 
those to withstand conditions of extreme severity, 

there is a suitable B.S.A. ACME SNAP-LOCK of either 
water, oil, and dust proof, or flameproof versions. 

The superiority of this switch is due largely to the 
simplicity but ruggedness of its mechanical and electrical” 
units contained in separate compartments within a robust 
housing. Unique Snap-Lock design ensures self-wiping 
quick make and break, positive contact, maximum 


resistance to wear, and accurate repetitive tripping. 


NEUTRAL POSITION 


These limit switches are available in Neutral Position 
versions. Spring-loaded devices return the operating lever 
to the central (neutral) position. One or both of the springs 
are removable for various circuit arrangements. A third 
spring is supplied for converting to one normally made and 
one normally broken circuit. 


. 


B.S.A 
A re inf re NATIONAL ACME CO. U.S.A. 


ock | 


B.S.A. TOOLS LTD. BIRMINGHAM.33.ENGLAND 
Sole Agents Gt. Britain : 

BURTON GRIFFITHS & CO. LTD. 

Snap-Lock Division : 93 Albert Embankment, London, S.E.II 


MADE UNDER LICENCE FROM 








Phone: RELIANCE 3891 


Ad. No. 431 
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STANDARD 


STANDARD 

Single pole, double break, double throw, operates with either circuit / 
normally open with other closed, or maintaining in either position, or 

available with central neutral position. Heavy die-cast case. Water, 

oil and dust proof. Conduit 2” in. B.S., or No. 3 Admiralty Pattern 

Cable gland entry. Two-screw side mounting or backplate mounting 

in two styles, or Tandem style (back to back mounting). Operating 

lever position adjustable in 7.5 deg. increments through 82.5 deg. 

either way from normal, 


FLAMEPROOF 

Buxton certificates No. 3574 (Group |) No. 3575 (Groups II and III 
gases). Meehanite iron castings. Self wiping solid silver contacts. 
interchangeable plugs and sockets. Internal mechanism removable as a 
unit for servicing. Single SWA cable entry (standard); double 
entry if required. Operating lever position adjustable in 7.5 deg. 
increments through 360 deg. Single pole, double break, having one 
normally closed and one normally open circuit. Available with central 
neutral position. 























